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1 the Mechintan of ihe Einnaion of. the Aipaeal: 
: Green Light i in the ania a 


a By Michika MIY ANISH 


eee (Reveived Maye TOG ye iis eee ees 


It i is well known that the. auroral green line, i (©) “The annual variation : “According to 


J 51% ig emitted from the night sky. About the investigation of Rayleigh("5) the en maxim 
“mechanism of. its emission, however, reports are occurs. in October in Northern hemisphere 5 


conflicting. In the present paper anew mechanism, in ite in Southern’ Peete 


hich is to be considered rational, is proposed. 


The photograph | of the line. have been ‘taken | a 
by Wiechert, Slipher®, Babcock®, Rayleigh, 
Dufay, Sommer), Cabannes(”), Ramanathan and 
Karandikar®), Gauzit) and others. The - “wave- vis 


Jength of the line was measured roughly by Sykora, hs ee 
‘Westman, Vegard and Slipher. Using a Fabry- e 


Perot’s interferometer _Babeock (1) has measured é cycle. 


oat accurately and has obtained a value of a 5577. 350 ig ee About the mechanism of the emissi 
+0. 005. About: this lines following natures “cat auroral green line A 5577, there. are many inve 
‘known. ees): ss gee LEY oN RO ue ‘gations. Among them Repro thier ont 
@). o1es,— 1D,): ‘According to: the out of — shown in the following. | es 
Sit the study of Zeeman effect on this line, which was veg @. Dissociation of ozone molectles b 


made by MeLennan() and Gihorst the. line is a - 


light absorption : -Mecke™ showed the fort 
orbidden one emitted by the transition from 1S, of excited oxygen atoms of Sy state by 
state to ‘Dy state in the | ' singlet-triplet term _ sociation of , ozone “molecules. as “shown 


ry 
“schemes of atomic oxygen. By this term schemes celery relations (a) and (b). Vie 


‘the electron transitions of _the red lines = the ss i oe @ 0,+ ho. Fl 2355) -0,(85) +005). 


night sky light are also derennes: 
) O;+hy(d ee Seeiaee a 
“Green line 45577: O1CS,"D,) : | 


ee CER To ING OCS) OCD) Rad SBT 
8 . Red baes A 6300 : OI(}D,—3P,), is | : y. @) ‘Chapman’ 3 reaction Chapman 
Bae ry sara 6364 : OICD,'P;). ae pressed in his Bakerian lecture the view 
3 ise | OK the | energy of ‘the green. auroral line is. Pp 


(b) The diurnal variation : _ Using photo-clect= 
ously energy of dissociation, which is transfor i 


‘ric cells Rayleigh()\ measured the diurnal varia- - cae A ¢ eae * 
sions of some particular e, 0 
tion of the intensity, of the line a 5577, and it was a e carer Rae a 

- the products being an excited neutral, 0 


_atom’’. Under this view he os the ate 


found that the intensity reached a” maximun at 
midnight. On the other hand McLennan (8) also : 


in reactions. 
‘measured it using: ‘an auroral filter, and a result sd 


similar to that of Rayleigh was: obtained. ‘Subse- j (a) 20+0 = oe 06 v+0= b:consyae 

quent measurements were carried out by Dohrotin, 0.89 V, in the atemic: oxygen layer. _ 3 

F k an Gerenkov(, Chvostikoy and Lebedev), 9 ie acai 
“ecsy fees (by NESOLS Nit O40 V, 2049.4. © ae 

Eropkin and Kozirey(), Koiwai(? and others, and ae : me 


it was: noticed that the intensity maximum oc- = 20(S)+1.1V, in the lower ionized — c 


cured at midnight o or an hour after it. * ; layer. 


Bis Michika MryANISHI. 


(8) Kaplan’s® theory : The theory proposed 

by Kaplan is that the energy produced by the 

* recombination of an ionized oxygen molecule and 
an electron is almost equal:to the sum of the 
A@ergy of dissocation (5.06 volts) of an oxygen 


molecule into two normal atoms and the energies. 


of excitation (4.192 volts) of two normal atoms. 
_ This will be expressed by the following reactions. 
Of +e+0, = 20(48) #0, 
+0.06 V. 


uO, +18:60-005; 


(4) Kimura’s theory: . Kimura considered that 
the excited oxygen atom ('S) is produced when an 
excited oxygen atom (/D) collides with an excited 
“nitrogen atom (2D), and that the forbidden transi- 
tion 1S-—-!D occurs due to the molecular field of the 

- nitrogen atom. The mechanism will be represented 
by the following reactions. . 


i (a) O,+hv>OUP)+00D), 
i Re / ’ N.+hy>N(?S)+N(CD). 
ee (b) O@D)+2.21 V>O(:S), 
ge > NG¢S)+2.37 V>NCD). 
a (J. OC-D)+NCD)+0(S)+NCS)+0-16 . Kine- 
es ei tie energy). 


from zenith 


from the effect of sun rise 


eps area 
~ (Vol. 5 


(5) Massey’s theory: Massey) has proposed » 
a mechanism of prodution of excited oxygen atoms 
(1S), shown by the following reaction. | 
0++0-~+07S)+0('S)+3 V (Kinetic energy). ) 
It is known that the intensity of the night sky | 
light increases with zenith distance. From eo 
increase of the intensity Van Rhijne, Elvey, © 
Roach and Gauzit®), Uchiumi?@ and others have : 
estimated the heights of the emission layers of © 
the night sky light. A sudden fall of the intensity i 
appears one hour before the astronomical twi- 
light. This change in the intensity is thought by 
Furuhata®) to be an effect of ‘sun rise, and under © 
the point of view he estimated the heights of the ‘ 
emission layers of the night sky light. The 3 
values of the heights, obtained by them are shown | 
in Table I. r 
As shown in Table I. the height of the 
emission layer of 45577 is very different with the a 
methods of estimation. The height, however, : 
seems to be greater than 300km and to be the j 
same as that of F, layer or greater. 
The compositions of high atmosphere, com-— 
puted from the data at sea level, are given in the. 


Table I, Heights (km) of the emission layers of the night sky light. 


Elvey, Roach 


distance and-Gauzit _ 
5577, 400 _ 700, 650 . 340 
‘ 5893 (D) 300 750, 650 . | 130 
ty 6300 120 750, 700, 700, 650 = ; 350 
7000—7800 360 700, 580 
8500—11000 280 750, 650, 500, 390 


Si, i is the critical frequency of the F, layer. 


Table II. 


: 140 0.01 
130 0.04 
120 0.19 | 
110 0.67 0.02 - 0.02 
mais 100 2.95 0.11 0.05 
* 0 77.08 20.75 1.20 ~ 


Unit a pressure = 1mm Hg. 


750, 650, 690, 260, 260, 200, 170 


Composition of high atmosphere. 


y= volume of the gas contained in volume V of atmosphere, Unit vf height = 1km, 


pressure 


0.0040 
0.0046 
0.0052 
0.0059 
0.0067 — 
760.0000 


coefficient, t the mean temperature at the higher 


100 km and 300 km. were culculated by us, and the 
-values of 0 .00016 and 8.17 x10- 18 mm Hg respective- 
y were obtained. In the calculation it is assumed 
that the temperature t is constant and ‘that the 


-value is —50°C. In. ‘such higher atmosphere: the 


Laplace’ s equation will not be held satisfactorily, — 


‘bat the former. is. near that given in Table II 
and the latter will show that the pressure in the 
emission layer of x 517 is extremely small. 


From the data given in Table II and the values . 


obtained in the calealation it. will be considered 


that the pressure in: .the emission layer of 4 517 


is extremely small and that the layer consisting of 
mainly hydrogen gas, oxygen, nitrogen and herium 


eing the rare impurities in it. 


mentioned above are explained by the: reactions 
The densities of these” gasses, ‘however, 


; atom. 


& : ae 


It is known that. the center of the emission of 


luorescence is ‘the impurities of fluorescent sub- 
stance and that the’ energy of the emission is 
aken from surrounding substance. A similar 


phenomenon in the emission of the auroral green 


weactions. ie ove se 45 te 


- ie DE8S,)+O(D3) +42 557 1), 


| HHL OGP,.) 7H, +0(S,). 


Pe tephere,” a= =0. 00367 the thermal expansion , 


oint. j ‘Using this equation the pressures at heights 


“The “mechanisms i 


‘between oxygen. atoms or. molecules or the reac- 
tions between an oxygen atom. and a nitrogen @ 


“be too small to explain ‘the -mechaniam by 
ch Inechanism, Now let. us. propose, a new 


‘ine. is considered in the present study. ‘The me-. ~ 
hanism thus obtained. ‘is shown in the Blown ee 


fi H4HLOGP,,) =H, +008, Re yo a) 
OCD, ->OGP 42) bho 6364, 26300), ©: 


ae | eat of formation of hydrogen is 4.46V 


Bs aid the ‘energy of the transition of *P-1S is 4.1 V. 


_ kinetie energies. 


_ total number n, of neutral oxygen atom > will b 


tion 2! = me-, 
¥ "oxygen atoms at the time i and “wa decay. con: 
‘stant. In this equation ¢ = 0 may be taken at th 


+ by the following equations 


atom produced by the collision with two neutra 


closely to the hydrogen ‘molecule produced without ae: 


combining. 


given from the Ministry of Education. 


7] 


Consequently there is a small excess energies in Poe 


the reaction (a), but this will be transformed into 


And. neutral hydrogen atoms and 
oxygen atoms will be given by the dissociation of 


their molecules absorbing san light or by neutra-— 
lization of their ions, without forming molecules, F 
since their densities are very | rare. The number of Ly 
hydrogen atoms may be extremely great as com- s 
Then the reac- Nee 
tions (a), (b) and i) will be repeated during a Tong 
time. 


pared with that of payee atoms. 


In this cyclic reactions, let n’ be ihe tober : 


of ee atoms Nee: due | to the neutralization 5 


assumed that n’= a" t, ‘where ais a noo 


constant. Some oxygen atoms will be lost by tt 
combination with hydrogen. Consequently init 
decreased and this will be expressed by the eq 


where ‘mn!’ is the “number. 


end of a astronomical twilight. Thus the total 


number of- neutral ezyeen 3 atoms »= nt +n! 
comes saat 


n= anaes aE t+, enue 


Rinpieeas 


= Sa aaa 2 — put. 


ae La tea Fae he 
if cee TAA eee Cg 


\ 


' Thus the existence of the intensity maximum 
of 25577 will be explained. The excited oxyge 


hydrogen atoms has no valency. Consequently the 
atom will emits the. green line 2 5577 adhering i 


18,>1D, 4 ts) 
therefore, may be given under the. influence of the a ; 


The forbidden . transition 


molecular field of the latter. oh 
This study was helped by the research “grant =a 
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$1. Introduction. 


Mt - The intrinsic viscosity of high polymer solu- 
- tions has been the center of the experimental and 
es theoretical interest because it is related to the 
shapes and sizes of the molecules, or strictly 
e speaking, to their molecular structures and mole- 
ait cular weights ete. Accordingly there are a great 
- deal of experimental and theoretical researches 
_» ~~ concerning the intrinsic viscosity. Among them 
_ Kirkwood-Riseman’s!) and Debye-Bueche’s”) theo- 
‘ries are prominent. Designating the intrinsic 
viscosity by a symbol [y] we have | 


Concentration Dependence of the Viscosity of High 
Polymer Solutions. I, 


By Nobuhiko Sarré. ° 
Kobayast Institute of Physical Research, Kokubunzi, Tokyo. 
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Ysp = [ve 
for an infinitely dilute solution, where 7sp is' th 
specific viscosity and ¢ is the concentration _ i 
2/100 ee, s 

Experiments show, dicaant that! the speci i 
viscosity deviates from this linear. relation witl 
the concentration. Consequently experimental e ‘ 
pressions have been proposed by several autho 5), 

Recently some authors),‘), 6) have found on 
perimentally a relation, | ee (oe 

noe = frlethayice a fe ie 
where kis a constant which does: not depen oO 
. : oe 


‘5 ] | 
pe Mecrotieslly” the value of he. 


It is assumed that the viscosimeter . is ‘the 
“apparatus of Couette and the radii of its cylinders, 


tance” between the two cylinders, which, on the 


hy 
along the g-axis with the. velocity ‘gradient es 


== 


situated at y 


“the dilate colloidal Rotutidas! of rigid. spheres, rods 


“method consists ‘in ‘calculating the perturbations 
in the ‘velocity ane. to one suspended particle: by 
‘replacing. Hee with er set. of forces which is deter- 
: mined by the” ‘boundary conditions. 


of Jinear 3 polymers. using. this method. 


‘ing them, when a ‘polymer molecule is introduced, 


at a | point 1 Ye ai in Woe Couette apparatus des- 


o. th 
i ay? 


2 t 2) 


in 


Bae: w)2 sated to the ae of ‘the datation of the 


“flow, i ie., (Gol +40!) Ahigh polymer molecule i is- 


composed of identical. groups connected linearly or 


cross-linked by chemical bonds. In this theory it is 


_assumed that such a group behaves as if it were a 


‘spherical particle when it moves in a fluid which is . 


regarded as a viscous continaum, and- the hydro- 
dynamical resistance is expressed by Stokes’. law. 
ting groupe are e therefore distributed with- 


ao ay: and the concentration aud to 


are considered ‘infinite | as compared with the dis- 


‘ Burgers? treated elegantly the viscosities of. 


- Kirkwood- o 
” treated the intrinsic viscosity of solutions ts 
-Follow- d 


Sug HONS 


+e in’ a molecule in : a manner which is determined by 


be ations, | Iti is also assumed hat they are distributed — 


ther hand, ean be regarded as two parallel planes ‘ 
, and y Sh. | The fluid i is flowing % 


: or ellipsoidal particles. by. Oseen’s method. His | 


~ valid for very small particles with strong Brow 


Heat 


garded roughly spherical. 


molecules. 


y wall effect. 


the molecular structure and the statistical consider- 


in spherical symmetry and the molecule can be re-_ 
These assumptions are - 
also adopted in the following, . : 

The perturbation in the flow will decrease. the os 
see ties: at the two parallel planes y= 2h; and 
y= Th, and will cause the decrease in the effec-. 7s 
tive velocity gradient kere Which is to be observed — 
in the experiment. On the other hand, since ‘the 
shearing forces are proved” to be ‘invariant, the 
’ effective. viscosity Test is found to increase by 


* relation 


o Bete Nett = = Rally 3 a ey, : “i es 


In concentrated: solutions Fy in- n Ba 


Bther molecules assuming that the distribution 
the ‘molecules is uniform outside a sphere of ra 


ae and ieee) the two eight ae is. taken 


Rp will Be he same i all the dteniien: or pr 


cisely a function of y, ie, a function of the 


bie 


tance from the- parallel planes, considering the. = 


But as is shown later, our metho 


ian motion, the wall effect, can not be ‘treated 
Vpensonably. It is sufficient to regard tk to be 
‘constant. 


Our method is based on this averaging, ot 
procedure, which makes the calculation — much 
simpler and the limit of this approach will be 


discussed later in § 7. 


3. The Flow Acting Practically upon os 
a Molecule. ; 


The velocity gradient of the flow at the origin 
“due to the perturbation by a molecule at (a, y, 2) 


macro-Brownian motion of the molecules. 


state, the perturbations of the succeeding configu- ° 


-_ 


6 avin ~ Nobuhiko SarT0. 


is obtained by differentiating Eqs. (3), 


Ou! Ad xy" 
i oy = —Ak, (=-5 rl ) 
~(5) 
4 yl ») 2 xy" 
Na 2 = An (45 ‘ 


and the analogous equations when the original flow 
at (w, y, z) has yz- and zx- components of the dilata- 
tion. Therefore, they may vary from time to time 
Besordiag to the instantaneous configurations of the 


'. molecules arround the molecule under considera- 


tion. The rate of change in the configurations, 


however, is very rapid because of the strong- 


rations which are regarded as perfectly disturbed 


ones from the preceding come to be added. In 
this way the tensor of the dilatation will not be 
‘so fluctuated as the case without Brownian! motion,, 
and will have an averaged value independently 
of the instantaneous configuration. It is allowed 
to ‘be replaced by Pape From, these considera- 
tions one obtains for the flow acting upon a 


molecule at the origin, 


eS a nit [nlc +e!)de dy da 6) 


Where n is the number of the molecule per unit 
volume and the integration is carried out through 


the whole fluid except a sphere of radius d, sub- 
 stituting */ and «/” from Eqs. (5) with «, replaced 

: by <*>. First the integration is carried out in 
a plane y = const., and is easily found to. be zero 
- when \y|=d. 


Therefore we have 


<k> = (A mn/d) <> [a ar—2y'yay 


= Ky~(4/5)Ann<e>. (7) 


(or. <k> = myf{L+(4/5)A mn) (8) 


In this connection attention must be paid to 


the order of integration of Eq. (6). The region 


_ of integration can be spread over the space except 


a sphere of radius d, if one neglects the wall 
effect. In fact, as is shown above, the integral 


‘ vanishes over a plane y = const. when ly|=d. - If 
one integrate first over a surface of a sphere with 


_ integration). 


-integrated value unique. : 


There- 4 
fore, before a perturbation does reach to its steady 


the help of the polar coordinates and dion int ; 
grate over radial direction, the integral vanishes. ' 
This integral is an example which can be evaluat 
to be any arbitrary value by different process 0: 
Physically ovr procedure is: right, 
because there are two boundary planes whic’ 
limits the region of integration, and makes the 


, 


$4. Specific Viscosity. | | 

The perturbation in the velocity at’ the plane 
y =h is also calculated by Eq. (3), integrated over 
all the particles, é 
. wt = —(2n/3)A<e>n-2h (9) © 


On the other hand at the plane y = —h, the? 
Therefore, for the: 
effective velocity gradient we obtain 


‘ 
perturbation is obviously —w’. 


Ketr = &y+(2u’/2h) = x,—(42/3)A<e >n (10) i | 
{ 2S ean 
Hence the specific viscosity is readily calculated. 


by Eg. (4). 
Ss Ko—Keft dn ia 
ep = eg A] (1- An) 


mete | 
or | 
tsp = [a ]e/(1—0.4[y]e), 

[7] = (47/3) Ane. 


(12) 
(13). 
On’expansion. we have , - 3 


nsp = [y]e+0.4[vFe*. (14) - 


Suspensions of Spherical Particles. 


85) 


An analogous treatment is also possible’ for 
suspensions of spherical rigid particles, provided 
that the particles are so small that the averagit rae 
procedure is allowable. The perturbation in the 
vainehy. at the venate by a pepritle ata bo (x, 2 


ent & is obtained fy Burgers? sae the result, 
ul = Ak, oY Be, (2 —15-—4 2u) 
Reals: 
Bes Foe (215 Bix 
wl = A, Ey Bing eee : 
eae ae 
where 


Ler “a ’ constant value. 


ept that a is diferont from the above case. Thus 
ve have Me eaten pen ae 


BN 


= (52)8-+ (612904 tere AN) 


here oi is ‘the s volume concentration Sse (47/3)a°n. 


os Ps ney and d 6) @ are aaa but the expres: 
sion curiae oat by Fikentscher, 


- Lae op = ae 00 ee) cae ris 


where ¢ a , and Q are constants. This relation has. 


‘ = 50 APSE, : ; rae 

bs Bese: © Table I. ob 
Viscosity of polyvinyl acetate- acetone- water agster 

i various ratio at 20°C (by “Enao_ and Pee 


eK. ‘means the coefficient of c? in Eq. @), : 
By lie, - kin? Weg S oy 


Solvent 
_ water con 
tent any: ||, 
volume: % i 


~ 


(4.785 | 1.800 | 16 “es 1.454 | 1.140 
) 1.184 1.273 1. An 0.967 0.746 | 0.505 
ees 0. 35: ee, 


‘The experimental values of k are found: to 


with our theoretical value 0. 4, Recently Endo and 


ith: the inerease in. the water. percentage (Table 
‘i i: In general the value of ‘& varies among the 


he tee 3 


solvents. It. decreases. in one system() and in- 


creases in another"), oe) when ‘the solvent becomes 


wake 


teraction grebne the solvent and ‘the polymer 


he the polymer molecules will be extended .in some 
i _ degree, and will not be regarded as spherical. The 


\ tical: shape and the energetic interaction with the 4 
“These ue a 


solvent ‘and other polymer molecules. 
effects will explain the change in & under different — 


: “ty = (6/24/19) Seas (16) 
3 _ circumstances. 


INET Discussion. 


factor of Einstein. 
having treated the interaction between ‘the 
- particles, derived the second term, 


- This is different from our result. Eq. a 
.. been shown > to be valid Up to the concentration 
Pie pe . Brownian motion. 

_ the dissipation energy by the interaction of 


<al average. 


bet 3- 0.6, which are in fairly good: agreement 


‘Yosioka!) have | found that ii is almost constant 
within 0. 35 —O, 40 for polyvinyl acetate i in. the mixed Ye 
solvents of acetone and water. in various ratio, - 


hile the intrinsic viscosit : varies. anomalously’ ie 
wh bi _ to this work. Dadi eee 


poorer. No definite conclusions ‘ean be derived as 


yet. [ U ic 1 culation. the: molecule is assumed ; 
a rhe = i : es au (3) See for example, K. Meyer, H. Mark : Hoth 
to be of spherical symmetry and the energetic 


‘Tf ‘the solvent "babanies better, 


- temperature and the solvent will change the statis- 


eas Simla tnd e di 


ty = 24M. ig. 


for the particles without, or. at most,/with: 
Guth and others first cal 


particles in one configuration of the two and then th 
This procedure, i is proper when the 
is no Brownian motion in the) fluid wit 


ent. of e to be. 7-9. my i aye ; e 
- Fikentscher and Mark derived Eq. 6) 
certain hydrated polymer colloids, which m 


small. “Oe eno is Shen sucessfully 


a case. 


sincere thanks to Dr. S. Oka, Mr. A. ‘ool n¢ 
Mr. K. Yosioka for their valuable discussions ety 
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i Generally the initial permeability of ferromagne- 
ties is determined by the energy variation 4E* with 
vi the magnetization, i.e. 
Meer ei ante = Sas 12 HAT, : 
ha é 
ene : ies D4h, ‘ 
% a 

5 where Al, is the variation of magnetization caused 
_ by the 7th mechanism. Then the 4/;'is given 
by 4E 30. ie. 
; Al, = H]2a:, 

k= Sl/2as. ees 
The various mechanisms we know include (1): 


ne “Magnetization by continuous rotation, (2): magneti- 
‘ | zation by displacement of the boundaries of magne- 


. and (8): boundary displacements without ‘any ery- 
_stal deformation. of 


_ magnetization is caused by the following origins ; 


me energy of boundary surface of domains, then 


a= S3a,2, 
a 


ix Ordinarily the initial permeadility is measur- 


“ed adiabatically, so that we must take the energy 


api tead of the free energy.. 


Syéhei MryAHARA. 


A Theory of Initial Permeability. ne 
Sy6hei MIYAHARA. 
Physics Department, University of Nagoya. 
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_ tic domains with microscopic crystal deformations 


~. On the other hand, the energy increase with 


_ (a) anisotropy energy, (@) elastic energy and (7): 


doubtless nowadays. in ‘the ory of ple 


(11) K. Endo, K. Posta\eas Paper read at the 2nd 
annual meeting of the Chemical Society a ; 


Japan, April, 1949. . 
(12) A. Bartovics, H. Mark: J. Am. Chem. Soc. 
65 (1943), 1901. 
(18) T. Alfrey, J. D. Justice, S. J. Nelson: Trans. 
Faraday Soc. 42 B (1946), 50. 
(14) E. Guth, R. Simha, O.- Gold: Koll. Zeits. 74 
(1936), 266; Ergebn. d. exak.| Nene ee 15 


(1936), 1 
(15). F. Eirich, M. Bunzl, H,. Margaretha: Koll. 


Zeits. 74 (1936), 276. 


and consequently 
k= S023 e%) (2) 


Thus the. initial susceptibilities Bre completely de- { 
termined by these nine’ quantities (some of which ~ 
are evidently zero). ' 
Now we shall consider the initial permeability 
due to a;t only, which has not yet been considered - 7 
previously. | e 
First of all we must soniidet the reason for p 
the existence of a 180°—boundary. Some authors | } 
hold the view that the domain’ boundary i is: formed | : 
at the place wheré the elastic energy is minimum. 
This conception can explain the existence’ of a , 4 
90°-boundary. but it cannot explain the existence ; 
of a 180°-boundary, and those who take this stand- 
point, naturally doubt the existence of 180°-bound- 
aries. But others believe that the domain bound-— 
aries are formed in order to minimize the sum 
of the magnetostatic and the boundary. energies®), # 
According to this, ‘we cannot take into account, 
the elastic energy in the ordinary sense but we i 
must pay attention to the fact that the displace _ 
ment of the boundary is hindered by the existence 
of short range distortions of the crystal lattice _ 
such as the ‘dislocations®, whose existence. is t 


iS. where c= e[ex2 F On the other hand, the change 
of the magnetization Al is- 


igi = 6n-1/1-8T, AV, 


Now 3 we ee the boundary | energy 


per ‘unit area ‘does not change, expect at the place 


Utroits the expression 6) and (2, 


of dislocation centers | as the boundaries ee but 


4B = Uae els~*n' i he eee rues n > 1p 


oh + 


(A= = eh aS 1742, where es 


is and 0 or ®) 13 oH 


RY eae a = Gem thin-IPlr—4 in’ 


2 = 20-118SP 1 


‘theoty, and a is eonsiderel as s the importa 


"determining eis This consideration can of 


verified Ebephude we cannot evaluate the 


e _ stresses independently, while’ the permeabi 
termined byt the Ped peat of 180°. - Or F 90° 


‘the above-mentioned theory. 

eae Fel our theory, for iron, 

e ls 10-4 cm “(from the theory of plastici 

oo in era LOE A 
AGS Ts 1.7108 


oe - then | we Have: 


where A Bis y are the a area and ‘the ‘volume 1 ome 
a unit, lattice determined by the distribution of :« 
{ 


dislocation centers, and Che and és are -dimension- oe 


bp aapially. cnt digs 
ye We can also understand’ the reason. for the 


less. constants of the order. of 1 (in a simple case i dependence of initial permeability on the manner 

1 = Ty Cp = 7/2). When 4g = 0; the surface energy ne of demagnetization, which is well known from ex- Fe 
of a. domain is 32h TA, and then the iner ease ‘of s periments. In addition, we can derive the differ- _ aN 
total surface energy er unit volume’ is See : ences’ of the. initial permeabilities of the single i: 


(Shiny crystal ‘rods with different directions. If we as- 
\ hs “ y ’ if ~ 


10 Hiroshi KusoTa. : 


sume that the rods do not. contain boundaries per- 
pendicular to the axis of the rods, the total area 
of the 180°-boundaries in [100], [110], [111] rods is 
clearly in proportion of 1:1/2: 1/3, and from (11). 


Kfioo) : K(10) 2 KP) = 62322 


This is the well known result obtained by Williams . 


(2) Landau & Lifschitz: 


.(4) Williams: 


; (Vol. 
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On the Interference Color of Thin Layers } 
on Glass Surface. : 


A By Hiroshi KuBoTA. 


(Received May, 27, 1949) 


: To effect the precise examination ‘of the inter- 
sit ‘i ference colors of the thin layer, the author caleu- 
lated them in cases of the non-reflecting layer and 
~ the Newton’s ring, by using the theory of color 
-and plotted these values’ on the I.C. I. graph. 
e Several results obtained from the graph were also 
. examined. 


81. 


- Along with the recent development of the ~ 


Matedustinn. 


. study-and industrialization of non-reflecting layers, 


the determination of the thickness of thin layers 
oh, by observing their interference color has come to be 
. ~ employed frequently : as the most simple but suffici- 
x is : ently accurate method. Newton studied the inter- 
ference color of thin layer illuminated by white, 
light i in case of the Newton’s Hoe and there were 
some other records of experimental researches. 
Their descriptions, however, were very subjective, 


“since the colors were specified by names, such 


as vivid yellow, pale pink, ete. Rayleigh calculated 


those colors, using Maxwell’s result of measure- 
ments of colors’). . : 
The author has calculated the interference 
0 _ color, using the color table and the fundamental 
; _ data concerning the color measurements given by * 
I,C. 1, and examined the results as described in 
the following. 


Second Faculty of Engineering, University of Tokyo. 


' face with the spectral reflectivity R(a) is illumi- 


given by, ‘2 ees 


a 


“Calculation of Interference Color 


q 


8-2. 


_According to the theory of color, when a sur 


nated by the light with the energy distributio 
£4), the color of the reflected light is given by 


the following tristimulus values, 
\ 


x=Je-z-ra,, y= |z-URa4, 
z= \B-z-Rar me oe 


In. the above, the integration must cover the 
entire visible spectrum, and 2, y, Z, are the three 
stimulus values of the spectrum. “Normalizing 
them, we get.the following trichromatic coordinates, | 

igang SNe yee 
Ss’ i] ; Ss’ 2= Ss 
ihn’ S=X+ Viz. 


The color of the surface is sucea by the Soild 
on the graph with those « and y as its absciss SSa 
and ordinate, respectively. Therefore, to find t ‘ 
interference color of a thin layer, the spectral’ 
reflectivity of the layer R. A) must first be know 

_, When the glass with the: refractive index ) 
is coated by the thin layer of thickness d with. 
refractive index n, then RQ) of such a | surfac ‘ 


\ iB ar are. th re co sae a 
; Ss ae 4 Toeretore, tear awed. 
se of f he ‘perpend a ee SH 2 oe ae ve dhe interference color is the: complementary 
Na a, peas color of that of non-reflecting ‘layer. This will be : 

; easily obtained by using the above mentioned da 
‘This ‘is shown in Fig. 2. 

c + ; : Newlon-ri ng 

waves. 7 mandi Lips See ee \ oF ef r A409 


Pon eecotcet tee aay, ak ternge é - Reflection 
A Preise 2: . k } : Meek SERS Ue 


(0) Tight 


aay 


es she mp tude condition of f non-reflection, 


r 


= ay ig To 


ios, 


i coordinates. (a, yt z!) as. follows’ : 


Saet+x EE -be+ YY oe a e 
phe See eee 
os hers cade da orbten 
AS the’ above equations ‘represent a , straight 
line on the I, C. Ee ‘graph with parameter e, the: i 
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interference color for varying » will be given by 


the point on the straight line connecting the point 


showing the color of reflected light when » = V ny 
(given by formula (4) by making e=0. Call this’ 
point P.) and the point showing the color of the 
light source (given by formula (4) by making ¢ = 
co. Call this point Q.). 
(x!, y’) be. R, 


Let the point given by 


then 


From formula (3), it is evident that, when » 
. <mj then €>0. 
-. than RQ, which means that the point showing the 


Therefore, PQ is always larger 


“interference color of the layer with n= Vn, (e 


= 0) is farthest from Q. So the color is most 
-. elear having the largest degree of saturation. 


And the more it ‘deviates from the condition 
_m=n,, the nearer it approaches Q on the 
_. straight line PQ. This means gradual decrease 
_ fn the degree of saturation without changing the 


3" dominant ywave length, thus the color becoming 
more and more dull untill it finally becomes white 
at N= Ng as eae, in Fig. 3. 
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‘Fig. 3. Change in interference color 
with n. (n<n) 


-. ‘When » becomes iavger than m,, © assumes a 
_ Targenegative value. Hence, PQ.becomes negative, 
My af which means that the color is complementary with 
= . “respect to the above case, having the greoter 
_ degree of saturation, receding frum Q, as n be- 
~~ -gomes larger. 


- this assumption is snot admissible, 


(Vol. § 

If we assume that formula (3) is available 
even when 1 is very large, (*) ¢ ap roaches to —f q 
as ” increases. Therefore R~sin?—. So the inter- 
ference colors become more and more similar to 


that of the reflected light of the Newton’s ring. — 
The above procedure is shown in Fig. 4. 


iy 
y . 2B~ rig02204 
’ a 


ty Otte 


Q (C-light Source) 


Fig. ,4. * Change in intetference color 
' with n. (n>) 


§ 4.. On the Sensitive Color. 
The intensity of light through is thin plate of 4 
uniaxial crystal placed between parallel nicol 
prisms is proportional to cos? 6, where 6 is 
retardation between ordinary and extraordinary 
rays in the passage through crystal. So when 4 
white light is passed through such 4 system, its) 
color is also shown by Fig. 1.. In this case, it } 
is a well known fact that, if the‘adequate retarda-) 
tion is given, there occurs the sensitive chang 7) 
in color with slight change in retardation. 
is the phenomena called “sensitive color”, and, 
vie sensitivity can be given quantitatively b y | 
Wind)’ where 4(nd) is the change in retardation 
and 4S is the corresponding change’ in color. 
If we use the “uniform chromaticity scale ” 
(U.C.S), 4S of the esis colors will be proportion 
to the distance between the two ‘points on the. 
graph, shovdnis the two colors respectively. eS 


‘(*), Pinetiealie® when n. becomes very large, : 
B, C, ete. are not negligible compared with 1.' Soy 


SS 
L—~_Interference 


4 


, - / Seok 


t ! is NY Soon) 
ZEAG 17d i ooh CL 7 


ar 4 Fig. 5. Interference color in U.C.S, + Los Cua RLS 


to study the sensitive color, we _ minimum and most effective thickness in redu 
oci of the interference eolor on _the reflection. But as shown above, at 
f we use MacAdam’s U.C.S.¢ ¥ t's 


for ness the color _change is very sensitive 
ible to get those loci by project- 


irregularity of color is apt to appear, 


hy give rise to the ‘troubles in the 
mE cen colealate at 


as i process. We can avoid'this unstable poin 
by’ reducing or increasing the thicknes 


a little, ‘bat ‘it will result in a neglig le 


© in reflectivity. Accordingly, the mos 


color of the non-reflecting layer is not 


fe an bate at must, be greenish’ purple or ‘ret 


« 
\ 


“2 5.) The Use of Filter. 


- The interference color by using any lig’ 

other ‘than Cllight “source may. be foun 

above method, if H(A) of the light source 
: ‘ ; ‘Especially, the interference color of C 


# 


we learn t 


hat! the neighbor- With filter thereon will be directly obtain 


“the Ist and 2nd order inter- _ USing the calculation hitherto mentioned, tha 


t 


st sensitive part for the varia- __liminating the absorbed part in numerica 


conforms with the pheno- gration. 
. eof double — | ee 
- absorbs below 2=550mz, the stimulus value 


- For example, in case of the yellow filter which 


of z is zero, giving the tristimulus coordinates (sr, zt 
ness ‘in ‘which the brilliancy of the y, 0). So, all the colors lie.on a straight line in 


y Y in formula (1) is 
AS CORSE ee aa nS 


LC.I. diagram, as shown in Fig. 7. 
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Gy 0.4 0.5 0.6 0.7 


Fig. 7. Interference color with - 
yellow light. 


By Projecting Fig. 7. into U.C.S. and calealat-" 
ing: ———— And) therefrom, we learn that the color also . 
sensitively changes -with thickness from. orange to | 
yellow at the neighborhood of nd = 140mz. In 
this case, the sensitive color is not purple as’ be- 
fore bat yellow. From this, it is evident that the 


commonly known “ sensitive purple ” gets its pur-— , 
ple color incidentally by a certain energy distri- 
bution of the light source and is not the inherent” 
property of the purple color itself. 
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On the Theory of Recrystallization of Cold-Worked Metals.* 


By: ¢ 7 
Faculty of Engineering, University of Tokyo. ~ 
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$1. Introduction. 


Cold-worked metals recrystallize, when they 
are heated suitably. Recrystallization takes place 


be ‘by means of nucleation and growth, i. e. new ery- 
stals grow at the expense of strained old matrix 
_ from nuclei formed in the matrix. The most re- 


markable characteristic of the rate of growth of 


' new crystals is the fact that it is constant through- 


out a process from the beginning to the end, if 
the temperature is kept constant. This fact was 


widely proved experimentally, and especially by 


Mehl and others )() jin the cases of silicon steel 


‘and aluminum in recent years, who have done 


By Ryukiti HASIGUTI. 3 Sea 


very excellent and laborious works. The rate of ; 
growth G is known to have the following experi- 
mental relacon to absolute temperature 7; i.e. ‘+ 


"  @= Aexp(—E/RT), , > Qe 
where.A isa constant, E; the experimental activa- 
tion enesgy, and R the gas constant. The aim. of 
this paper is to treat the rate of etyatal growth 
acon a 
§ ast Theory. 


ssh let us consider the futertdce between ; 


* The preliminary account of ‘this paper was 
published ‘in the short note of this journal, ‘Vol ae | 
Nos 46 2 ‘ 


ocess: e the ed sioeta: The reverse process 
wil -also take place, although its. probability of 
As itis not decid- 


currence may be very small. 


cet Key be the number cf times of occurrences 
‘of elementary | processes of forward direction from 
, “matrix to the new ‘erystal in unit time, and 
be those of backward direction from the new 
“As the net rate of sebeith 
‘mus_ be given by the difference be etween forward 


ery tal +6 the matrix. 


and backward processes, we get Nie 
ao ee Geta, ME Neh OOO 
5 here. te, Shey ee 


higher internal - energy. compared with the newly | 


formed: crystal, the activation energy of forward ‘ 


‘movements i is smaller than that -of backward rower 


‘ments. We may | assume that “the difference of 


these activation. energies. is. proportional to the K 


If. the Raeiees of eal. working are. small, we ae 
assume that aE; < RT. Then the. equation (5) 


reduces to oy eae ee * 


vb 


= (@iBiRIY< exp (HIRD). ais 2 Cr 


the serial lattice of the new- ZS 
This: is the elementary 


a a priori how many atoms take part in an ‘Ele- 
ntary process, we should, in general, epasider 

; ‘group: of atoms as, a unit of process, which i is Ain 3 . 
ngth measured i in parallel to the direction of grow- 


As the strained matrix has ne 
ing saungion re es 


‘ nergy E absorbed during the. cold-working” pro- a 


wherein G, is a constant, and its value is — 


= degree of -eold-working ; 


aE, = bS?, eG) 


wherein b is a constant: and S the strain produced R 


during the cold-working. Hence we have 


= (bAS?/t RT) exp (— HIRD) a) i 


ay, 


This last esas has the same fore as that of 
But’ there 
is a problem to be considered. The experimental _ 


expermentally. obtained equation (1). 


activation: energies obtained from the experiments _ 


on. aluminum made by Aderson and. Mehl?) 4 
from 56,500 to 61,500 ‘cal. /mol. 


larger than the sublimation heat of alumint 


These values are 


This fact suggests that E. must be a composit 


quantity. Moreover it is a poaor tack the 


temperature. df we assume, , therefore, the toll 


l= A, exp (B/E), | 
where A, is a constant, we get 


= i, SUP) exp {— (B+ BIRT 


vation energy E.. ‘This is the celal equa yn 


for the rate of crystal. growth. in the. case of 


ii erystallization of cold-worked metals. 


ale 3. ‘Discussion. an - a eo ie 


i When temperature is kept cpuatartees 


equation ce nee to the form ie an 


Ge GS, 


Gy = (bigle RT) exp {-(H+B,RT}. | 


Plotting G against S? at constant. temperatures 


using the experimental data obtained by Anderson 


and Mehl, we get straight lines as shown in : } 


Fig. 1 and 2, which justify the assumptions includ-  — Y 


ed in the equations (3) and (7). 


- values of G,’s for various temperatures from Fig. 1 — 
and 2, we can make the logG, versus reciprocals 


of absolute temperatures plotting like Fig. 3, which 


assume. the following relation’ in ee case of small Ue 


joo 
onic | 


As we can get the 
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Orr i Fig. 3. 


Li "yields an activation energy of 58,500 cal./mol., which 


, bable least value. Then from equation (9) and 


_is the sum of E and E,, as shown in equation (12). , 


The number of atoms in an unit of proc 
or in an atomic group which takes part in an el 
mentary process seems to be considerably large | 
It may be improbable, therefore, that all the 4 
atoms in an unit move simultaneously get acro 
a potential barrier in one jump. The atoms wi L 
jump across a barrier one by one, bnt successively 
one after another at very short intervals, like 
so to speak a chain reaction or an avalanche of 
reactions. A chain or an avalanche makes an el 
mentary process: If this mechanism is true, the 
activation energy of an elementary process may 


be the same as that of the\movement of a single 
atom. ’ 


¢ 
The distance of movement of a single ato 
in a single jump in the case of crystal gro 
must be very much different from that of self- 
diffusion in metals. For on the one hand an atom 
moves at least one atomic distance in a single jump 
in the case of diffusion, and on the other hand an 
atom moves a very little distance only to es 
range itself in th2 case of crystal growth. hs 
activation energy of crystal growth must, there 
fore, be smaller than that of self-difiusion. The 
latter is estimated to have the value 37, 500 cal./ 
mol. in the case of aluminum(. We may, ‘there- : 
fore, assume E to be about 30,000 cal./mol. ‘More 7 
over we should rather put # = E, = 29,250 eal./mol 
for simplicity. ‘3 ¢ 
Now from Fig. 3 and the’ values of s, which { 
are less than ten per cent elongation, we can knox w 
the value of b4,/rRT to be about 10'%, As 6S? is 
far less than RT, and as ¢ is far larger than the 7 
time of relaxation of atomic vibration, 4, must be 
far larger than 10%. Let us assume that 4, is. | 
equal to 10'!cm., which will be perhaps the pro- 


value of EH, = 29,250 cal./mol., we can obtain the: 
length of an atomic group, which takes part in an 
elementary process. The numerical calculation. 
shows that its value is 4 A. at 283°K. and $20. we 
at 400°K. It is a very striking feature that t € 
atomic group has considerable length, and there- 


fore it eentois a good «iba atoms. 


‘ 


§ 4. Conclusion. 


The rates of crystal. growth in ‘the case of 
‘reerystallization of Rid hd metals were fe a 


Min Met. Ege 150 (1942), 260. 
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and Internal Friction of Fibers ied Flin 


By Hebi KAWwAT an Noboru ‘Toxrra. 


| Revsivea May 2 28, , 1949) 


+ ts Pi A 


Peewee ihacadit log 


ae ee the suitable » mass which con ae fae . 


Me 28 section of sample, and Bi is ihe: Youn 


eae modulus of the sample S.. 


For: the equation of motion of M, we have 


hin. — Ast is ties, “whieh has a large: ; SNES GEA ea 
oe " ie . Peru naneget Magi Ba(ae-s yl SO Ney huaien : seh, x 
: ; If the natural, frequenencies of metal bar A 
ixp without S, M, and-m are equal to them with Ss, aria 
M, and suitable mass m, which compensates the 


effect. of sample, 
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aes (M+m)g. p (3) 
Accordingly, , 
m+ Ho(x—y)/l, = 0. - © (4) 


2 


; Putting x = a EXP (iat), y= 
have from the formula (2) and (4) 


Yo exp (tat), we 


EB =1,-0°'m-M/o(m+M), (5) 


where we assume that the natural frequency of 


i) the bar A is higher than that ot the system . 


coupled with S and M, namely 


: 5 o> He/l,M. (6) 
+ §2. Internal Friction. 
| The phenomenon ot internal friction may be 
a treated phenomenologically in the theory, of elas- 
ticity by regarding the elastic modulus as complex. 
The’ ratio of the real part of modulus to the ima- 
ig _ginary. part is denoted by Q. 
If 4E isthe energy dissipated sain one 
-_ eyele, and E is the energy of vibration during the 
“eycle, the ratio 4E/E gives a measure of the 
2 e internal friction. 


| Next, in the forced vibration, we can objain 
_ another. measure from a plot of the amplitude of 
cs ‘vibration against the frequency of exciting force 
near a resonance frequency. Namely, this is the 
ratio of the half-width of the resonance curve. 4f, 
Gh to the resonance frequency /f. 

Provided the internal friction is so small, the 
relation between these various measures are as 
_., follows, 


1/Q = 4E/2nE = 4f)V' Sf. 

i If Qa, Ea, fa, and 4f4 are respectively the 
notations for the metal bar A only; Qs, Hs, and 
. 4Es for the sample S-only; and Qus, fas, and 


_ 4f4s for the coupled Agha we can obtain next 
aad 


WQ4= 4b 48nRy= 4falV B8f4 (72) 
ae WQas = (44+ 4Bs)/2n(B4+ Es) 


= 4f4s/V 3 f4s (8) 


i where, we postulate that the energy of coupled 
j _ System is treated as the linear combination of each 
one at the first approximation, 


becomes ; at 


When £4 > Es and fas = 6 the equation & ® i 


V/Qas = (4B (4+ 4Bs)PonB = = Hash 3 Tifa (). 
Accordingly, ; 


1/Qas—1/Qa = 4Es/22B 4 = Aes bf av % Sf 
(10) 


Next, if df is the difference between the reso- 
nance frequency of the bar A only, namely fu, 
and the one of coupled system with S and M, 


without m, we can formulate as follows, 


E,=K-f2 
and Bit Bs = K-(fat Oy, 


where K is constant. zi 
Accordingly, 


(E4+Es)/Ea = (fat ofaylfe 

*,  Es/Ha = (fate ff] f2—1s26f fa. (ly , 
Froni-the formula (10) and (11) cen 4 
1/Qs = 4Eg/2nEs = 1/2V3 - “Ahas~ ASA (12) 


Then the measure of internal friction 1/Qs is 
calculated by measuring 6f, 4/4 and Af as ; 


= Es/Eat+1. 


§ 3. Peas 


In Fig. 2, the outline of experimental appeal } 
is shown. I : 
When the apparatus is constructed practically, ; 
the dimension of metal bar A mast be decided by» 


Fig. 


“considering the character of the sample s and 
i of THANE ‘frequency. | 


y= 


Fr oe of Fibers and Films. 


cand then tis tes fe. ee are ‘observed when mr, Mas ae 
M3... ‘are sticked on: P. fe 


A 5 ‘From these results the suitable value of < 
responding to SFA is found by graphical method as 
Fie. a: 
Then Afas is observed when ‘72’ is stieked on 
1Pe Using these values, Hs and 1/Qs5 are calculated 
by the formulas (5) and (12), where ‘for. Aa, 4fis 
e gnc can. ss eee by Seance the Se -and df the absolute values are not jecessary. 
n. ‘The. metal chuck B which holds the : _. The lateral vibration of the sample must be. 
ee ie ance its: Ose along the avoided in. these ‘Measurements, for it gives a 


large error to the values of B and ues 


a Wad Cie Wine 


hee 


Fe y w rinding insolated wire on an iron core and 


§ 5... _Expetimental Results. 


oy 
2 At first, in ‘order to examine this method, we 
“measured the Young's modulus of a fine *e hy 


; wire (length 4, 5em, diameter 7.2x 10-3 em). Wes 


ai Fig. 4 shows the results obtained by | 
method. 


wire is Goustont from 200 ayelejoce’t to 1400. eye 
/sec. and its absolute value is 10.8x 10!" ‘dynelene 
We think that these values are very reason- 
able for Cu. , ines 
‘For example, Fig. 5 shows the relation obtained 
by this ‘method between the frequencies and E of\ 
oa raw silk fiber. Oley 
When the cross section of silk fiber’ is circle, 

the Young’ s modulus of it is 9.8x10" dyne/em?.. 
Fig. 6 shows the relations between the free- 
ness # and 1/Q of paper (Sulphite pulp), these 
samples are about 10~20mm in length, 3mm in 
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Sith - fiber 
T=9.2° 
RH= 71% 


2 4 6 § to 12 54 
x10 


: bi, taht 


Fig. 5. 


‘ 
wid h, about 3x107?¢m in thickness. 

i ‘It was found that # and 1/Q of papers depend 

-on the porosity, the amount of Laima sizing, 

ie ‘and the kinds of fibers. 

In Fig. 6, the Abaclade: refers to the freeness 

% whieh i is one of the measures of beating. It means 


di that the smaller the value of freeness is, the more 
oy - the quantity: of beating. 

m3 As we are now. measuring the vibrational 
Seite of many high-polymers at various tem>, 
ie perature and humidity, we will report these re- 
ae o” sulis in detail in the next paper. 


-(2), H. Wakeham, & E. Honold : J. App. Phys. — 


- (5) W. Herzberg: Papierpriifung. p. 229. 


Internal 
tre dn . 


ot 777 cps. 
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, ‘pd. ‘Introduction and Method. 


A fast electron passing through matter can 
“create pairs, if its kinetic energy ‘is larger than 
ayia. This process has been studied by many au- 
i thors.) However, : the experimental results with 
__ the methods of a cloud chamber or with a beta ray 


_ Spectrometer are entirely inconsistent with the 


present theory. Feather and Dunworth(®) attacked 
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aneously in opposite directions when positrons. f 


this problem with a different method. ‘The prine | 
ciple of the method is based on the coincidence 
counting of pair quanta which are emitted simplt- 


annihilate. They. studied on the beta rays from: 
UX and obtained the results which accorded with: ; 
other experiments. We have studied this problem a 
on the beta rays from Rak. Our. results are . 


also close to those of other authors and contradict. a 


: Keon 


‘the aid of absorbers and a tube counter. A source 


Ma- 
‘ erials of the used absorbers are aluminum, ¢ copper, 


chemically separated from old radon tubes. 


‘The tube counter — was made of 
aluminum with wall thickness of imm.. The ob- 
mained absorption ¢ curves are ’ reproduced in Fig. ie 


‘ tin and lead. 


Fig. ge 


‘The fott! ‘part contains beta rays ‘of. RaE and 


_ gamma, rays of RaD. The hard part. yields fol- - 


| “owing absorption coefficients : 0. 88 em7’ for cop- 
‘per and. 1. 57 em-}) for lead which correspond to 
“0. BYE MeV and 0. 56 MeV respectively. _ The absorp: 
| tion, ‘curves are accordant with the Bremsstrah- 

“ung of Rak which was already. studied by Droste) 


and. d confirmed. to agree with the theory.  * 


Coincidence Measurements. 


§: a. | 
= : ‘We have employed the Feather and ‘Dunworth’s 
_ method. ‘The source was covered by ‘metal sheets 
which have sufficient thickness to. stop the beta 
rays ‘such as 0. 56 mm for copper, 0.65 mm for tin 
and 0. 43 mm for lead. It was pipes in the middle _ 
of the two coincidence eae ; 


of RaE was ‘prepared as RaD which had been 


aL cone pera 


“Measurements Wes goat 
Gamma Rays from RaE. ae: 


‘We have measured gamma rays ‘from RaE by 


* 


Absorber ; | Lead | Tin 
Total time of observation | 4 
| (min). | 700} 1280 
Total number of observed. aia 
coincidences. 272416 230415 
‘Number of expected coin-. ae, AEN 
denser " pa0L14 19112) 
Unexplained coincidences | 42+22) 89+19| 


are calculated from the effective soartiaght tim 
by observations with a gamma, ray source ‘of al 


_ From such observation over a total period of abo 
at hours, the following result was obtained : 


ther and Dunworth, they are due to the pait crea 


~ with wall thiekmess ‘of 0. te 


| number of beta: ‘rays was obtained as 9. 6 <10'/m 


‘ ments. 


Table I.. 


coincidences and the natural coincidences. 


of the coincidence apparatus. It was determined 


the sare intensity as the coincidence experim 


-t = (5.12 t 0.81) x10-‘ sec. 
‘The differences of the observed coninciden s 


and the expected coincidences are unexplained coin 


cidences. According to the interpretation by 


tion of the oe energy of hice: 


The nomber 


at the same position of the coincidence experi. 


The efficiency of a thick aluminium counter 


for gamma rays of 0.51 MeV had been obtained i ioe 4 


theoretically by Yukawa and Sakata) as 0.00272. Be : 


we checked it experimentally by following two — ye 


methods: (1) Gamma rays of the standard source _ 
which contains 2.9mg Ra were measured by the - 
counter. From the hard part of the absorption 


curve the energy of the hard gamma ray was esti- 


* eulated as: 


~ $5. Discussion. 


fe 
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mated as 1.5 MeV on the average. Assuming that 


the number of emitted quanta was 2x10'/min we 


obtained the efficien¢y fot that energy as 0.006, 


which was reduced to“0.0018 for the 0.51MeV 
(2). By 
the Droste’s results it was known that the yield 
of the Bremsstrahlung having energy greater than 


gamma rays using a theoretical relation. 


200 keV is 2.5x10-* per disintegration after. pass- - 


ing through’ 0.5mm lead filter. Comparing the 


value with our experiments of gamma rays of 


Rak, the efficiency of the counter was obtained 


as 0,0021. From those we estimate the efficiency 


- as 0.0022. 

Using above results the cross sections of pair . 
- creation of kinetic energy of the beta rays which 
, have the upper limit energy of 1.17 MeV are Ca- 


Gp = (1.8 + 0.6) 10-3 em?, 
Gsq (4-2 Ql) < 10-24 em?; 
Seu = (1.5 £ 4.5) x 10-24 em? 


These cross sections are close to Feather and 


_Dunworth’s 1.4x10-*? em? for the beta rays having 
_ Upper limit of 2.3 MeV. On the contray the theo- 
 retcal value is less than 10-2’ em’. 


\ 
\ 


The problem of the pair creation of kinetic 


Ma energy of the beta ray is very conflicting between 


theory and experiments. By the experiments with 


the cloud chamber it is extremely difficult to dis- 


_ tinguish a positron or an’ electron if i has not 


sufficient energy. The coincidence method has a 


‘ 


A 


_ are due to the process. 


Ls) -Skobelizin and " Stepanowa : J. de “phys, 6 


z ; (Vol. 5 


‘ 


definite advantage for this point. However, it. — 
remains a question whether the observed gamma 
rays are realy annihilation radiations having the Ps 
energy of me? or not. To. interprete “ unexplained 
coincidences” it may be possible to take the double 
Bremsstrahlung(*). We shall estimate the ratio 
of the process to the single Bremsstrahlung by ~ 
the sassumption that all unexplained coincidences 
From the absorption 
curves the observed single Bremsstrahlungs passed 7 
through the absorber which just stops beta rays — 
seem to have energies above 125 keV. The ratio 
of double Bremsstrahlung to those gamma rays 4 
are obtained as 1:50. provided that’ ‘the average 
counter efficiency is 0.0023. Theoretically this. 
ratio is of the order of 1:137 or smaller if the two | 
quanta are not emitted in’ opposite directions. 
However, the interpretation of double. Rrems- 
strahlung shows better agreement between the — | 


experiments and the theory than the pair creation. 
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tae 


3 ef 
There are_ a large number of researches: on 


« 


ethe el trical ; ee ges properties of ‘euprous: 


mirror ores: The apparates has a ana 
e 


cover with a Lee window. to observe the 


Stee: reeults, ‘the. simple: aa 
r is perhaps not sufficient and the 


‘stal str oture was s not observed from the room 


‘The temperature is “measured by ine ) 


“stantan_ ee . The Bera : 


vie ‘Mellor. wo “The Tecaiee are “shown i in ae * 


4a 0 
0.95 


“ cupper strips in. Ae electric EO at soa 


900°C in air for about 50 hours. Its dimension is, ‘ 


about 15x5x1. 5 mmé and the distance between F 


Esai Procedute. Ae S "two electrodes is 4mm. . ae 


It is observed that when the temperature ‘is 
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changed by some amount and thereafter kept 
constant, the length of the sample begins to vary 
‘and it takes several hours to saturate to the con- 
stant value. (We call this the ‘‘ relaxation pheno- 
menon”’.) So, the temperature is rendered to change 
after the length becomes constant for over 30 


minutes. 


-. § 3. Results. 


A. The curve of the saturated values. 

The curve of the saturated values is shown in 
Fig. 2. The length of the sample is almost con- 
stant from —150°C to —50°C and then decreases 
at —50°C. From —50°C to 0°C it may be kept 
constant and above 0°C decreases gradually up to 
about 250°C. The expansion coefficient is about 
—1.8x10-*. Above 300°C, its length increases 

5 having the expansion coefficient of about +2.7 x 


a 10-*.. According to the result, there may exist 
three irregular points at —50°C, 0°C and 300°C. 
_ The existence of the point reported by Auwers is 
not sure, while the irregular change is observed 
between 0°C and 100°C, But after one series of 
"measurements the irregularity: becomes smaller 
: ‘because of the sample being perhaps well annealed. 


ine cates the hours from the beginning of the measure- 
; ment. Below the room temperature, it is difficult 
ch to keep the temperature constant for several hours, 
i Therefore the results are rather unreliable. 


B. The relaxation phenomena. 
_ To deseribe the phenomena it is convenient to 
_ devide the range of the temperature into four 


ses 0° 100°C 200% 300% 00'S 
Tomperaturs 
Fig. 2. ©---Saturated value. Two series of 


measurements, below 0°C and above 0°C 
are shown. 


3 The time written beside each point in Fig. 2 indi- 


- stant it contracts a little, while, when cooling, it _ 


The relaxation phenomena are not surely ob- 
served; but contraction occurs gradually when : 
the temperature is changed more rapidly. 4 

ii. From 0°C to about. 100°C. oi 


The typical curve when heating is shown in 
Fig. 3. The length of the sample increases and 
decreases as the figure shows. There, may be | 
some complex phenomena in the sample. It is 
probable that . the existence of cupric oxide 4 
impurity and also vacancies of lattice sites may 


play a important role, because of this phenomena 


: : ae 
’ being influenced by the conditions of tempering _ 


and annealing. The curve when cooling is almost ~ 
the same as when heating. If the sample is heated 


‘clini ers 


a 


0% sot 700°C 
salurcted novnt 


Leahy bat peso At ey 


; Fig. 3. 


rapidly up to above 100°C, those pHenomena are. 
not observed. ag 
iii. From 100°C to about 250°C. | 
When heating, the sample expands by'a small 
amount, and when the temperature is kept con. 


contracts and when the temperature is kept con- 
stant it expands. 4 
iv. Above 800°C. | 
‘The relaxation phenomena hardly exist ‘and. | 
the reproducibility when heating and oe i | 
rather good. 
C. The behavior when the temperature in| 
changed rapidly. 3 
The results are shown in Fig. 4 4. The vila 
tion times r for the change in length are caleu- 
lated about 1 hour as Shown in Fig. 4. On the 


contrary, the conductivity follows yne change ss 
the temperature. 


curves are observed at Hberly the same ee 
-ratare, but he eorrespondency is ‘not sufficient 


aN 
f ; ohare ‘and’ ae the, thermal expansion ¢ eee 


we 


follow ee fhe change of the te pe Ae ‘ 


af 


ay i W. Mellor ‘ 
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- $1. Introduction. ; 
; It is widely known, that manganese and chro- 
Hoes mium combine with various non-magnetic elements 
into ferromagnetic substances, e.g. Mn-N, Mn-P, 
Mn-Sb, Mn-Sn, Mn-As, Mn,AlCu and so on. But 
_ the detailed mechanisms of their spontaneous mag- 
- netizations are scarcely known differing from 
‘ig that of iron, cobalt or nickel. Moreover, the ex- 
perimental investigations show that some of the 
Ne componds have abnormal properties, and their 

causes are not traced out. 

i The alloy of manganese and bismuth reported 


here, is one of the above-mentioned compounds 


the results of magnetic, dilatometric and calori- 


tance, and the galvanomagnetic effects. 


Fi According to the state diagram determined by | 


thermal analysis®)(®, there are one or two inter- 
metallic compounds, of which the one is ferro- 
magnetic. The atomic constitutions of the ferro- 
magnetic were supposed to be nearly 50 and 50 
per cent. Thereafter, Fiirst and Halla(4) concluded 
i 3 - by X-ray analysis and measurement of specific 


gravity, that the intermetalic ecompoands were 
.Mn,Bi and MnBi,, and the former\ was ferroma- 


MnBi-compound, using magnetic and chemical an- 
» alysis simultaneously, pointed ovt that some new 
- weak lines found in his photographic films of speci- 


the results of Fiirst and Halla’s analyst) and sup- 
_* _ posed that the lattice structure of fertomagnetic 
- MnBi is the nickel arsenide type. 


and shows abnormal magnetic. behaviour at low : 


_ temperature(). The part I of this paper involves e jnactive at the low temperature from 300° tof 


' metric studies, and the part II the electric resis- 


gnetic. But Thielman() found the ferromagnetic» - 


_ mens of higher purity were not consistent with 


\ 


§ 2. Production of Specimens. 


‘The previous studies show that the system of 
manganese and bismuth is of two phases in fused} 
state. They are not mixed up due to the great 
difference between their specific gravities and do 
not combine,. even if heated beyond the elie 


point of manganese. And because manganese com-" 


bines with gaseous hydrogen and ‘nitrogen tel 
former in the antiferromagnetic, the latter in the _ 
ferromagnetic, we must not use their atmospheres — 


$ 


but that of inert gases, or’employ the method in 


vacuo to avoid oxidation. Bismuth bites crucibles = 
of quartz or of alumina at high temperature.” 
On the other hand, the combining process is too 


500°C. to spare the time. Therefore, the author 
suspended the. very fine powdered manganeses in f 
fused bismuth held at the temperature of 700°C 
for some hours in a evacuated quartz tube. It is 
necessary to take a little more amount of manga- 
nese than stoichiometric quantity and to stir, ‘pag 
cause a small amount of it floats up to surface 
and does not react. A sample obtained in such a 
_way includes the ferromagnetic part of 67 per 
cent and bismuth of 33 percent in volume. We _ 
may be able to get a more compound-rich sample, 
by repeating) this process more often. 

The volume-fraction was determined as fol- 
lows; To measure the length of each grain along 
straight lines across a microscopic photographie $ 
paper. The ratio of the sums of the length of j 
each phase is necessarily ‘the ratio of volumes, 
when grains distribute at random. The averaged — 
Percentages of volumes of ten photographs are 
the above-mentioned. ; 


The paths of the same pantele:s was measured 


Or Pee is ealeblated fon the throw: of < 
the ballistic galvanometer when the specimen ‘is 
"removed. along the ‘holes rapidly and smoothly. | 
But it is difficult to get. the accurete veins of ma-- 
gnetization from the measured magnetic eo be- 
cause the specimen is the mixture of ferromagne-_ 


is Cray, fe is 9. 134 grams per cubic cere : 
‘The difference between them. is not ‘SO 


* af : fag et A ° 21) me 
tie and non-ferromagnetic grains. Here we em 


r 


- ploy the a eae formula i 


nM 
POUL. : 


Jie VA 


where ¢ is the density of magnetic flux within t 


as hat of pure hina, “and the ae may 
t iF r. 
ply very small amount Be man nese, Be “holes Search coil, H the true magnetic field, f the volun e 


“fraction of the non-ferromagnetic part, R and 


are mepeenie ls ry half of the diameter oft th 


. is” not found at first. ina Foes well-polished 


Bee but gradually becomes | gray after several A a R él. “Although Gidea con ditions are: ‘no 


: oa ey 
: Etched with dilute nitric acid, it becomes } thoroughly. satisfie 4 ae oun temser te rag, be aut 


ack at. once. |] It is. found ‘spindle-shaped in the - “ficient to ieeccite this relativ : ahanee ays thy 


iMn-poor sample put in the specimens, of which _gnetization, 


1c author - measured the various. properties, they 
onnect to each other like a net. 


the 4rue -magacticing field. 


oni 
ee 


oe 


ice of ees was used, ate can generate Y 
magnetizi ng J fi d oh f 25000 Oersted. The A ale 


creases gradually in ‘the magnetizing field. stronge 


‘ oy than 20000 Oerstends. Tt) cannot be decided 1 no 


“ee standard: ontgat ‘inductance ct 


he object of this, mutual induct- 


to determine the constant of the galvano- 


= by noting the, throw when a known current 


the magnetization and the inapnettane field is e AS5 


othe “search coil: han: 4000 ae ‘and “follows: : GMa ey 
the mean s sectional area of 1. 674em?. The pole ie eeu: Saat 
pieces have the. diameter of 20 mm, are honed: of : ike _ J= 257(—a | i : 
the diameter ‘of 101 mm at their ‘centres, and are | : tees 
seperated at intervals. or 10 mm. ‘When she speci- - Therefore, we obtain 257 Gauss as the saturated a Ei 
men is ‘introduced in. the search coil between the magnetization at room Aeiperature (the dotted 


dle pieces, two. thirds of its length is placed with- dine in Fig. 1). 


the: holes of ‘the pole pieces. As the magnetic aT tet) Influence of temperature on magnetization. 
field within a hole is weak nae inhomogeneous, It is diffieult to observe the behaviour of spont- 


aot 


the demagnetizing f nas is eon The intensity aneous magnetization while temperature arises: 


nN 
[os] 


8 


S 


S 


Intensity of Magnelisation in Gaup 


4 oF 
BONE Sp 5 Pa TNT 20 25 
Intensilyeot Magnetic Fleld in ROe 
Fig. 1. 


from liquid air temperature to room temperature, 


because of uneasy saturation. The measuring in- 


: -. ~ strument is experesed in Fig. 2, Se, and Se, are 
_._ two search coils, of which the winding directions 
are counterwise, and of which the winding numbers 


‘are the same 1000 turns. These coils are connect- 


liquid Air: { 


Fig. 2. 


ed in series electrically, and arranged in parallel 

between the pole: pieces in order to make the throw 
of ballistic galvanometer as small as possible, when 

the magnetizing current is reversed. The specimen 
_ Sp with the thermojunctions of copper and con- 
stantan is introduced into one search coil, and the 
"search coils are enveloped with asbestos to make 
the rise of Specimen’s temperature moderately 
4 _ small. Then liquid air is poured into the Dewar’s 
bottle. The throw of the ballistic galvanometer 
when we reverse the current is proportional to- 
the magnetization. The calibration to absolute 
eae scale, i.e. the proportional factor, is determined 
i by measurement of the known magnetization for 
‘which we fake the same specimen at room tem- 
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perature. As. soon as the liquid air evaporates 
out, the temperature rises rather rapidly at first 
and slowly at the end, with the speed of 2 degrees 
per minute on average. In Fig. 3 the magnetization 
is plotted against the temperature in the cases of 
the external magnetic field of 7500, 5800 and 4700 
Oersteds. The magnetization decreases rapidly 
from -155° or ~-150°C and then gradually as the. 
temperature rises, differently from the normal fer- 
romagnetic substance or from the Weiss’ theory. 
In these magnetic fields, the magnetization is. ‘not 
saturated yet, and this behaviour may be related 
to magnetic anisotropy constants. If we plot the 
magnetization aginst the field at every tempera- 
ture, the fact is found, that the magnetization is 


_near the saturation at the lowest temperature and 


at room temperature but remote at intermediate 
temperature. But if we assume the saturated. 


value of 358 Gauss at —150°C, we obtain 304. 


Gauss at room temperature acéording to Weiss’ 


theory. In Fig. 3 we plot this Weiss’ curve. ‘The 
difference between this calculated value and the 
observed 257 Gauss is too large to be neglected. : 
Moreover, the saturated magnetization at -150°C 
is by far stronger than 358 Gauss and is considered 
to be about 500 Gauss at least from the behavicull 
of magnetization against magnetic field. There- 
fore, it is reasonable to consider that the spont- 
aneous magnetization varies almost similarly as 
the curves in Fig. 3. 


400 } f 


Weiss’ Curve 


Intensity of Magnelization in Gaup 


10,96 150 -100 -50 ; “Ot 


Tamenna tore 


Fig. 3. 


t 
. 
x 
_ The observed region is too small to decide ed 
behaviour at lower temperature than -150°C; 
ther it has a maximum at about -150°C or.o 
the normal Weiss’ theory, but the author vies 
it to be the latter from many observations. " a 


perature-derivative of siawacticution: There we iy ti 
st may expect the. abnormal specific heat. Moreover, 
the amount and the form of abnormal specific heat 


may give us some informations about the me- | ae 
chanisms. ; 


| zt ‘ 
Biaine tt an (slepediary cell, UR Bohr laeanian ee hae ‘Temperature 


z is the number of molecules MnBi per an ele- 
mentary cell. If we assume Jitax = 500 Gauss, | 
we ‘get B= 2, 6 Bohr magnetons or strictly. u > 2.6 


Bohr magnetons. a a Raves Siete: 
a ae RUS spect e * eo aks a eee To increase ‘the included amount of MnBi i in the: 


Tol determine the Corie point, we use the me- 
thod of differential calorimetry, where the differ- 


- ential thermocouple ‘consists of copper and. con- He 
stantan, and the standard is a rod of pure copper. 


_ specimen we broke the specimen into pieces and 

‘selected the ferromagnetic part by a magnet. The 

result ' ‘is as follows: At 271° C, large latent h oat a 
“a of bismuth-rich 1 part. Melting Point). At 350 Ae 


was s measured fae a ‘travelling mieroseope. ‘The, 


standard is is. ‘a rod, cs Dats copper. ‘Since the e fher- a 7 ature), At, 298°C endothermic, and at 5 C ex 


. thermic reactions. To confirm this result, we | 


_asured the electric resistance. Knicks appea: 


7 ai aes a is S etioeainl to. Ghtain’ the +f 
Hgatisetly, foe aif C and rete at 298" C and 35 


absolute value, but the. relative ‘measurement is. 
sufficient for the detection of abnormal behaviour. Hae 


. sample, Hy, the heater of ayant Pye wires 
12 whieh ‘supplies heat to sample, iH), the nich rom 
: = ; wire wound around the case to diminish the ra- 
08 2 diactive and conductive. oss. from the sample, J 
ale. S° ; the differential- thermometer indicating the te 
a Sate perature difference between the ‘sample and the 
+103 ay case, ‘and Ja the thermocouple, with which we me- 
4 Pe a asure the temperature of the sample. ‘This a 
a a OC. & 


Temperature & AeA Ws aR Bh Rie pat ba ed | 


ay is he Fig... 4. is 4 : i 


3 In Fig. 4, ‘we plot the alate éloneation (Curve 
A) and the relative value ‘of expansion ‘coefficient 


calculated from the curve A against the temper- 
ature. From ~-150° co to. 142° C, MpBi contracts 1 
relatively. “The ‘relative coefficient: changes from» 
positive to negative: and again to positive, and then 
a greaualy, to a constant value. ae 


| Specific eat CS eae Ne Ue an 


{ 


“Accorting to ‘thermodynamics, the magnetic 
of heat eae is $ dependent upon the tem- ‘ 


rome, 


4 es 
eS eed 
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paratus is placed at A in Fig.-5a. S,, S, and S; 

~ are screens prevénting the radioative and conductive 
inflow of heat.. At first air is pumped out and 
* then air is admitted through caustic soda, calcium 
chloride and a liquid air trap. The apparatus is 
dipped in liquid air. After the part A is cooled 
at constant temperature, air is pumped out. While 
we supply H, with constant power, 0.01 Watt, and 
3 adjust the power in H, so as to hold the temperatare 
difference less than 0.05°C, we measure the tem- 
perature of the sample at equal intervals of time, 


\ - 2 min. Time derivative of the temperature is 


proportional to the heat capacity. The obtained 


result is shown in fig. 6. The heat capacity in- 
creases abruptly at -155°C and then gradually ap- 
proaches to Debye’s curve. Unfortunately it is 
difficult to determine the deviation from Debye’s 
_theory, since there is scarecely normal region to 
calculate the Debye’s characteristic temperature. 
But the above behaviour of heat capacity is con- 
sidered in corformity with that of magnetization 


pet. . ’ from the thermodynamical viewpoint. 


150, 


8 


s 


Specific Heat Cp nm Arbitrary Scale 


yi. Aird 150 400 “50 ot 
ut? Temperature’ a 
ug Fig. 6. 

~  §6. Conclusion. 


Mi 1) Ferromagnetic compourid MnBi demands 


is reasonable, because the intensity of magnetizing 
- field necessary for saturation increases in the order 
of the compound of manganese with nitrogen phos- 
| phor, arsenic and antimony. The increase in 
-—s« Magnetization in high field beyond 20000 Oersteds 
- may be due to a special mechanisms. 


/(4) U. First and F. Halla, Zeits. f. Phys. Che: i. 


very high) magnetic field to be saturated. This , 


-2) The magnetic moment per molecule is grea- 
ter than 2.6 Bohr magentons. Therefore, the 
numiber of positive holes’ in d-band is lar geas 
compared with iron, cobalt and nickel. 

8) The spontaneous magnetization decreases 
abnormally, at first rapidly and then gradually, 
while the temperature rises from -150°C to room 
temperature. The author considers it to be not 
attributed to the existence of two ferromagnetic 
substances with different Curie points. 

4) Coefficient of thermal expansion shows 
small abnormal behaviour from -150°G. to —-148° ¢ 

“ 5) Curie temperature is about 350°C. i 

6) Anomalous specific heat arises suddenly. 
at -150°C and: diminishes gradually at higher tem 
pearture, and its shape is qualitatively compatible 
with that of magnetization from the view-point of 
thermodynamics. ~ ; 4 

These anomalous phenomena may. be sccouNea | 


ever! 


AA pet 


for not by transformation of lattice structure but 
by electronic transition. ie 


+ 


In conclusion, the author wises to express 


his hearty thanks to Assistant Prof. Ren’ti Ki 


mura, the instructor of Institute of Science and. 
Technology, University of Tokyo for his excelle 
guidance and kind encouragement throughout this 4 


work, and to Prof. S. Kaya, University of Tokyo 


for his kind support, offering the electromagnet 
and liquid air. : tx 
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Introduction. de! ae oes ; i pe In this paper we describe the dissociation ex- 


is % sa ¢: periment of the n- -C,H, OH. by electron Unpane. as ae 
From the experiments ith the e mass-spectro- 


a series of the Bi tou RES 


§2. “Apparatus and Procedure. 


ee ee 


oF 


© parent, ‘molecule, all 


3% state, (2) the i ioniza- 
1 pote Uae. aoe x, ve i ii etic and excitational 


mam 


Se ~ 0525, Se "0.2% 10 Sa 04%/0,, : 


¥ 


Roe Eig! Ti Ton Source. oe 


oa For these reasons the “infarmations ' 


temperature @ as much as ‘dail 
The relative abundances of the fonrneel ions 


by the electron impacts ‘are measured from the pa 
peak heights of the photograph taken by the 
magnetic scanning method. The carbon isotope 
corrections are not: carried out in this paper. The 
jon peaks which are supposed to be due to the 


impuritics are always of low intensity and these 


ny papi sulphate and distilled. 


type orte. 
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ions aré mainly produced from the diffusion pump 
oil. The important question in the investigation 
of this kind is whether the ions actually observed 
In this 


point we are convinced that the observations have 


are the result of single elec ron impact. 


been carried out under single electron impact. 
For the experiments show the results to be inde- 
pendent of pressure, electron current and filament 
temperature under the condition of operation. 

The purification of the sample is as follows. 

Merck’s n-propyl alcohol is dried with the 
Its refractive index 
is np = 1.3848. 


5 i ' 
_§3. Investigation on the n-Propylalco- 


hol. 


The n-C,H,OH molecule is ‘a straight chain 
The dissociation of this molecule by’ 
- electron impact may perhaps be in the same 


manner as the C,H,OH molecule. The abundances 


ee 4 of the ions produced from, the n-C;H,OH molecule 
i “at the electron energy of 80 eV are summarized 

“in Table I. 
-.. ion. 


The most abundant ion is the CH,OH+ 


The structure of H—C = 0+—H may be stable 
: | 
on account of the trivalent property of 0+. ‘The 


non-bonding electron of the oxygen atom in the 


n-C,H,OH molecule is first ionized and then the 


 C—Chond next to the oxygen atom is broken since 


the strength of the C—C bond is weaker than the 


- strength of the C—H bond. This causes to pro- 


duce the CH,OH* ion. : 
The abundance of the ‘ion corresponding to 


M/e = 28 is also large. The photograph of: the 


peaks of the ions produced from the n-C,;H,OH 


molecule, taken by the magnetic scanning at the 


“ electron energy of 80 eV, is shown in Fig. 2. 


The appearance potentials of the several ions 


ies: are measured by the usual method and are cor- 
~ reeted by the ionization potential of Ar. (15.7 eV). 


These values are shown in Table II. 


Before one can make analysis of the processes 


_ by which the ions are formed, it is necessary to 


estimate the various values of the heat of disso- 
ciation involved. Now the heat of combustion 


of the n-C;H,OH is 482 Keal/Mole by the 


_ energies D(x) adopting L(c) = 


= | 

(Vol. 5 

, 

Table I. Nature and relative Biandanne of 4 
ions formed in n-propyl alcohol by 


electrons with 80 volts energy. 
EE nae 


i 


Mile Ton Abundance 

60 C;H,OH+ 1.00 2.08 % 

59 | C;H,OH* 1.17 2.37 

58 C;H,;0+ 0.11 0.22 

57 C;H,O+ Se a Oe 

56. C;H,O+ 0.15 0.31 ; 

55 C;H;,0+ 0.26 0.53. 235 

54 C;H,O+ ' 0.05 0.09 ; 

53°. -C;HO+* 0.11 0.22 : 
+ 45 C,H,OH+ 0.59 1.20 4 


44. C,H,O+, C,H,+ 0.29 0.59 
43 G,H,O+; C,Hye- 2). Ise 2.34 | 
42 C,H,0+, C,H.t 2.14 4.34 q 


“ham 


42 C,HO+, C;H;+ 2.41 4.89 ‘ 
- 40 C,0+, -C;Hy+ 0.52 1.06 4 
39 C;H,+ F925 83350 4 
38° C.H,* 0.49 1.00 } 
37 C;H+ 0.36 0.78.20. 
36 Ge ebay i 0.06 012)~ 09 
32 CH;OH+ — 0.35 0.72 
31 CH,OH+ - 14.58 29.50: 
30 CH,O*; CH: 0 049} 21.00" 
29 CHO+, C,H,+ 3.15 6.38: 
28 CO+, C,H,+ 6.75 13.71 
27 C,H;+ : 4,30 8.73 
26 C.H,+ 1.88 3.81 
” 25 C,H+ 0.31. 0.62 
24 C,+ 0.06 0.12 
19 H,O+ iy 50a 0.48° 
18 H,0+ \ 0.42 0.84 
17 HO+ ‘0.12 0.26. 
16. O+, CH,;+ 0.48 0.97 
15 CH,+ si 1.08 2.09 
14 CH,+ ~ 0.45 0.91 
13 CH+ +? OBS ota O84 
12 C+ 0.32 0.66 
2 H,+ “ 0.51. 1.08 
1 H+ Te QedQinu 2 Tae 


measurement of Rossini. Its heat of vapori- 
zation is 9.8 Keal/mole in the International Critical | 
Tables. Hence the heat of formation of the ne 
C;H,OH is 65 Keal/mole. The heat of sublimation 


of carbon which is involved in the thermochemical 
equation is still subject to some uncertainty, be 


* 
¢ 


in this work we have adopted the value Lc) = 
5.4leV as given by Herzberg.() Then the en 

of dissociation of the n-C,H,OH to atoms in 
ous state is D(nC;H,OH) = 39. Bev. The calealated | 


5.41eV used in 
analysis of the data are as follows. 


1950) 


Fig, 2. Mass-spectrum obtained wit 
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produced from n-propylaleohol. 


Appearance potentials of the ions 


fe 27 


Tabie II. 
Mile Ion 
60 C;H,OH+ 

59  C,H,OH* 

42 C,H,O+, C;H,+ 
B41 °C,HO*, C,H,* 
=39  C;H,+ 
81 CH,OH+ 
229  C,H;+, CHO* 

~ 28 - C,H,+, COt 
C,H;+ 


Appearance potential eV 


11.1+0.2 
10.8£0.2 
14.840.2 
14.640.1 
17.5+0.1 
11.1+0.2 
14.840.1 
12,.640.2 
14.840.2 


h n-C;H, OH 


D(H.) = 4.5 eV 
D(H,O) = 9.5 eV 
DiCH,) = 7-1eV 
D(CH,) = 15.2 eV 
D(C,H;) = 16.2 eV 
D(C,H;) = 22.2 eV 
D(C;H;) = 19.6 eV 
D(C;H,) = 29.6 eV 
D(C3H;) = 35.4eV 


at the clectron energy of 80 eV. 


D(OH) = 4.3 eV 
D(CH) = 3.5 eV 
D(CH;) = 10.7 eV 
D(C,H,) = 13.0 eV 
D(C,H,) = 19.3 eV 
D(C,H,) = 25.2 eV 
D(C;H;) = 26.5eV 
D(C;H,) = 32.5 eV 
D(CH,OH) = 19.0 eV 


D(C,H,OH) = 29.3 eV 


Table III lists the energies P(«) of various 
combinations of three carbons, one oxygen and 
eight hydrogen atoms at the normal state with 
respect to the combination n-C,H,OH as zero. 


Table III. Energies of dissociation of n-propylalcohol into its various constituents and 


interpretation of the appearance potentials. 


P(x) 


MS OTR TEST TQ He ao oa Z 


configuration 

n-C,H,OH 0eV 1l.leV 
C;H,OH+t +H 11.1-+2.9—3.6 10.8 
C;H;+H,O0 0.4 14.8 
C;H;+0+H, 5.4 

C;H;+H+OH 5.6 

C;H,;+H,+0OH 4.2 14.6 
C;H;+H,0+H 3.5 

C;H; + 2H,+ OH 6.6 17.5 
C,;H;+H,0+H,+H 5.9 

CH,OH++C,H, 10.1 tala 
C,H;+CH+H,0 4.3 14.8 
C,H,+CH,+0H 5.9 

C,H,+CH;0H 1.2 12.6 
C,H,+CH,+H,0 3.6 
C,H;+OH+CH, 3.8 14.8 
C,H;+H,0+CH, 3.1 

3C+8H+0 39.5 


I(x) 
I(n-C;H,OH) = 11.1eV 


I(C;H,) = 10.0 


1(C,H,)<10.4 


1(C,H;)<10.9 


1(C,H,)<10.5 
I(C,H,)<11.4 


1(C,H,)<11.0 


‘I(C,H;)<11.7 
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The difference between the observed value of 
the appearance potential A(X+) and the calculated 
value of the dissociation energy P(X) gives the 
upper limit of the ionization potential. A summary 
of the results and their interpretation is also given 
in Table III. The discussion of some particular 
case will now be given. 

1. M/e=60 

The appearance potential of the ion correspond- 
ing to this mass is A(X+)=111+0.2eV. This 
could have been only the molecular ion. 

I@mC;H,OH) = A(nC;H,0H*+) = 11.1eV. 

According to Mulliken’s theoretical prediction 
non-bonding electrons of oxygen atom in the 
aleohol have the lowest ionization potentials of 
any of the electrons in the melecule by the charge 
transport effect. Let us assume that the ioniza- 
tion of the molecule represents the removal of 
one of these nonbonding electrons from the oxygen 
atom and the ionization potential remains constant 
as long as the molecular structure is not radically 
altered and that the value 11.1 eV is the ionization 
potential of the oxygen atom in the n-C,H,OH 
molecule. In the previous papers the similar 
assumption is justified by the experiment of the 
C,H;OH molecule. 

As previously pointed out, the ionization 
potential of the straight chain type hydrocarbon 
becomes smaller as the molecular weight increases. 
The ionization potential of the n-C;H,OH is 11.1 
eV by the present work and the ionization potential 
of C,H;0H is 11.3eV by Bleakney(), or 11.8 eV 
by the author. 
CH;OH is the lower value as 10.8 eV given by 
Bleakney. 

2. Mje=59 

The appearance potential of the ion corres- 
ponding to this mass is A(X+) = 10.840.2eV. This 
value is less than that of the parent molecular ion. 


If the C—H bond is broken when the oxygen atoms 


But the ionization potential of 


is ionized and becomes trivalent, this’ ion will 
appear. 

For the energy to remove the hydrogen atom 
we shall use the value 2.9eV assumed to be the 
strength of the first C-~H bond in propane. For 
the difference between the C—O and C=O bond 
we shall use the value 3.6 eV the same as in the 
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experiment of C,H;OH. For the ionization poten- 
tial of the oxygen atom we shall use the value 
11.1eV foand for the molecular ion. Then the 
appearance potential of C;H;,OH+* ion is A(C;H, 
OH*+) = 11.1+2.9-3.6=10.4eV. This is to be 
compared with the experimental value 10.8 eV. and 
can be considered to be in fairly good agreement. 

If we assume that the O+ is not trivalent, the 
upper process leads to the unreasonably low value 
KC:H,OH) <7.9 eV. 
3. eMje= 42541 

The most parts of the ions corresponding to 
those masses may comprise no oxygen atom. If 
we assume that the C;H;+ ion corresponds to M/e 
= 24, the process d is probable. If we assume 
that the C;H;+ ion corresponds to M/e = 41, the 
process f is more probable than the process g. 
The former process leads to the value KC;H;)< 
10.4eV which is slightly higher compared with 
KC;H;) < 9.7 eV given by Delfosse and Bleakney.( 
4. Mie = 39 

The ion corresponding to this mass is the C,H;+ 
ion. The value of J(C;H;) given in either h or @ 
process is about 2 eV higher than J(C;H;}<9.0 eV 
given by Bleakney.( 
5. M/e=31 

The ion corresponding to this mass is the 
CH,OH*+ ion. This ion is most abundant and its 
appearance potential is less than that of the parent 
ion. The only reasonable process is nC;H,OH =f 
CH,OH++C.H,;. For the C—C bond energy in the 
n-C;H,OH molecule we shall use the value 2.5 eV — 
assumed to be the C—C bond energy in propane. 


If we do not consider the trivalent property of 
O*, the upper process leads to the unreasonably 
low value of (CH,OH)<8.6eV. But considering 
the trivalent property of O+ we can break the | 
upper reaction down into the following chain only | 
according to energy considerations. 

a) nC,;H,OH > C,H,+CH;0H » 

b) C,H,+CH;0H ~CH,OH+-+C,H,+H+e 

c) CH,OH+ +C,H,+H+e > CH,OH++C,H;+e 

The appearance potential will then be the 

algebraic sum of the energy involved in the three 
Steps. The energy required for (a)is 1.2 eV. The 
energy required for (c) is —2.9eV. According to 
Bleakney() the energy required for (b) is 11.8 eV. 


x 


1950) 


Then the calculated appearance potential is 10.1 


eV and this is leV lower than the experimental 


value. If this is true, the ion has the excess 


energy of leV. 


20. M/e = 29. 


The ion corresponding to this mass is chiefly 


considered to be the C,H;+ ion. The process k 


leads to the reasonable value I(C,H,)=10.5 eV. 
“This value has the excess energy of 0.7 eV 


compared with (C,H;)=9.8 eV given by Bleakney. 


f= Mie = 28. 


The appearance potential of this ion is 12.6 eV. 
The ion corresponding to this mass is the C,H,+ 
ion, for the directly measured ionization potential 
of CO is 14.1 eV given by Tate.) 

The energetically reasonable process is nC,H, 
OH -> C.H,++CH;0OH and this leads to the value 
J(C,H,)=11.4 eV. The excess energy in this process 
0.6 eV. for the ionization potential of the C,H, 
molecule is 10.8 eV. 

3. Mie= 27. 
The ion corresponding to this mass is the C,H;* 


ion. The processes O and p are both reasonable 


and the values J(C,H;) in these processes are good 
agreement with the J(C,H;)<1l.2eV given by 
Bleakney. 


§ 4. - Conclusion. 


The work reported here can be summarized 


briefly in the following way. The abundances and 


appearance potentials of the ions produced from 


the n-propyl alcohol by electron impact are mea- 
sured. In the water type molecule like alcohol 
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non-bonding electron of the oxygen atom is first 
locally ionized and then the C—C bond is easily 
broken satisfying the trivalent property of O+. 
For this reason the CH,OH+ ion is most abundant 
in the n-C;H,OH like in the C,H,OH. 

Moreover, the appearance potentials of the 
CH,OH+ and C;H;OH+ ions are lower than the 
value of the parent molecular ion for the trivalent 
property of O+. In fact, unless this concept is 
adopted, we are led to unreasonably low ioniza- 
tion potential and 
of the result. 


unsatisfactory interpretation 
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Dissociation and Ionization of iso-Propylalcohol by 
Electron Impact. 


By Toyozo KAMBARA. 
Hitachi Central Laboratory, Hitachi Lid. 


(Received June 28, 1949) 


In this paper we describe the dissociation of 
§1. Introduction. iso-propylalcohol by electron impact from the Same 
viewpoint. 


In the previous papers) @) we described the 
The apparatus and the experimental procedure 


dissociation of ethyl and n-propylalcohol by elect- 
ron impact. In the water-type molecule, like these are the same as previously described.(” 
alcohols, the’ non-bonding electrons of the oxygen The purification of the sample is as follows. 
atom have ithe lowest ionization potential by the Takeda’s iso-propylalcohol is dried with the 


charge transport effect.( When the oxygen atom cupric sulphate and twice distilled. 


in the molecule is ionized at first, the C—C bond Its refractive index is np’ = 1.3750. 


next to the oxygen atom will be broken satisfying $2. Investigation on the Iso-propyl- 
the trivalent property of O+, for the C—C bond alcohol. 
is weaker than that of the C—H bond. The dissociation’ of the iso-C,H,OH. molecule by 
Consequently the CH,OH+ ion is the most electron impact may be different from the dissoci- 
abundant. one produced from the straight chain type ation of the n-C;H,OH molecule, for the former 
alcohol as C,H;OH or n-C;H,OH. And the ion has the CH, radical as the side chain. 
which is produced in the manner of knocking off The mass spectrum obtained with iso-C;H,OH 
the hydrogen atom from the parent molecule is also is shown in Fig. 1. The abundances of the a 
more abundant than the parent molecular ion. produced from the iso-C.H,OH are listed in the 
_ Moreover the appearance potentials of these Table I. 
ions are lower than that of the parent molecular It is reasonable for the structure of the iso- ; 
ion. These phenomena are considered to be due * C;H,OH that the C,H,OH ion is most abuntalele 
to the lowest ionization potential of the oxygen for the C,H,OH*+ ion should appear when the oxygen 
atom and the trivalent property of O+. atom is first ionized and the C=C bond is broken. : : 


“Table 1 It. Onensardni reacentials of thet ions” 


Ie, 


: . ahdant an! ‘the ion td Oa SER Ss. 5 as "produced from iSo-propylaleohol- spa 2 
ing to Mle = ie : - 


; M/e jh Jon © oe Appearance potenti 
ae The CH,+ ion from this molecule i is also abund- 60 iso-C;H,OH+ ay Be 1 


than ‘the same jon from. the n-C;H,OH, But f nee te Hf ; ; 1h ete 
= ge See tt +, O;H,* 14.440.1 Ee 
- abundanto. of the ion corresponding to M/e= 42 ()H,O+, C,H,+ 12.5+0.1_ 
3 in the iso-C;H; OH is less and its appearance 41. C,HO+, GH” 15.040.2 © 
ential is large compared with the same jon in 39° -C;H,+ 16.640.2 ; 
en-GHOH. | rel BUN: CEOEET BU | pane Oso Sa 
; ; ‘ ei : : 99 C;H;*, CHO+ a ER 15.1+0.1. iia 
2B, °/ GH, CO# we. 1 BLO 


able I. Nature end relative abundance of ions 

ae =a : gt. es : fis a Soa 

. formed in iso-propylaleohol by electrons 2? C,Hst ee es 16.140. ier 
with 80 volts energy. ; 


ng 2S Abundance 


- ea eek ine if re 70 II. But the appearance “potential of th : 
| GLO ae 0.80 ni Gas a molecular ion could not be measured fo 
0,1, Oe 3 erty . 1.53. sai 0.26. abundance. The’ heat of combustion © yo 
-O;H,0+ | 0 Lage ORD, 0.18 ~ C,H 10H is 479 Keal/mole given by Ga S. P: ks & 
my ip Me eee ue 3 ice ‘Gis ‘Moore.( ‘The heat of vaporization is ; 
: .C.HO* Benet ath 0.98, See a _ Keal/mole. Then the heat of formation is 
Bi, ae 2 ‘ 8 fine =" a ‘-< mole. The. dissociation cnet, of the ee 
~ CH, eae 0.61 a 
229) 5 Relea cea 188.63. (28.88 
_ C,H,Or, Gt . ; 9.00 bee o 1.52 : 
= C.H,0*,-C.H,*. Ree: AB AGH oo SgSS 5 
~-C,H,0+, j CH, a = , 23.46 ' 3. 96 Ya 
EACLHO*, CH 3812 6438 = 
Ree. Gite ts REO eee 
+O;H;+ % Pad 35.86 i $2 6.05. 
Gite Op) 11.06, Sead Br ake 
poe. CHE "B00" G1. 23 ae 
j B02 Or" yi pees DTT Tee Meat arte, 
= ata n 2 te aaa _. now be given. i ae 
= PEORt ty kc OS OR e  e S SOUS Me 
& BT _ CH,QH* ra Wy oy hie TR AG apie Aegean’ fe = Aes Dee y ae ae 
ae -CH,O*, CHe* ms 2.80 0.47 ee The ion. corresponding ‘to. this mass 4g. the 
Sg CHO OH,t 82, 98; B56); 
a Se CO, oN eee “43. Basi SoM SI ia Cc /H,OH* jon. The. only reasonable process to pro- 
Sg Fe ay Ae (eae ‘duce this ion is iso-C;H, OH -- C,H,OH* +CH,. Now 
fy Sangh 89 TAO od 
~ 18.46 2.27 Ss wee can break ‘this reaction down into the follow 
h 2.60 0.44 ; ‘ing chain according to energy considerations. wigs 
0.53" 0.09 asf. 


SRT ae oO iso-C,H,OH — CH, +C,H,0H 


oS 7k 7 igi } Pn a 
Boe cg ae tOeaG 2.61 Wen neb), CH, +C,H,OH ~ CH?+H+C,H,OH* +e 


es a Oy CH,-++C;H,0H+ +> CH, +C:H,OH*+e 
TBE 2 21.28 e: on The energy required for a) is 3.2 eV. Accord- | =i 
31.59 | 5.88 i ing to the previous paper the energy required for 
ss 5 re sb) cis 11:8 eV. The energy cual e ¢) is ee 
Se 33 a 1.07. ~~ 78:6 eV. Then the ealeulated appearance potential, 
AL NS ' the algebraic sum of the energy involved. in the 
9.78 1.64. . 


_three steps, is 11:3 eV. This value .is in very. good 
agreement with the experimental value 114eV. | 


ay 


9.46 


1.60 


- 
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Table III. Energies of dissociation of iso-propylaleohol into its constituents and 
inte of the appearance potentials. 


; No. Configuration P(x) ~“A(X*) I(X) * 
a iso C,H,OH 0 eV — eV = 
b -  C,H,OH++CH; 11.3 11.4 — 
c C;H,;+0H 2.8 14.4 1(C;H,) < 11.6 

od C,H, +H,0 0.5 12.5 I(C;H,) < 12.0 
é. C;H;+H,+OH OA te 4.2 15.0 1(C;H;) < 10.8 ae 
7 C,H, +H+H,0- 3.5 1(C;H;) < 11.5 ae 
9 C;H;+OH+2H, . 6.7 16.6 I(C;H;) < 9.9 
h C.H,+H,0+H+H, 6.0 4 | 
a C,H;+CH+H,0 4.4 15.1 : 1(C,H;) < 10.7 a 
j C,H,+CH,+0H 6.0 ; : j 
k C,H, +CH,OH 1.3 14.6 - 4 
l C,H, +CH,+H,0 9.7 I(C,H,) < 10.9 $ 
m CO+2CH, 0.2 (CO) <14.4 : 
n CO+C.H,;+H, 0.8 1(CO}. S133 : 
0 C,H, +CH;+H,0 3.2 16.1 By. 
pp C,H, +CH,+0OH 3.9 I(C,H;) < 12.2 
q 3C+8H+0O , 39.6 ; oa 
= i 
2. Mle= 43. and C,HO-. : 
The ion corresponding to this mass is more 4, M/e=839. 


i=, 


respectively 0.8 eV and 12.2 eV. 


ae abundant than the same ion from the n-C,H,OH. 


From this fact both the C;H,+ ion and the C,H;0+ 
ion may be contained in this ion. If we assume 
that the appearance potential of this ion will be 
from the C;H,* ion, the only reasonable process 
¢ leads to the value (C,H,+)<11,6eV- But this 
value is 2 eV higher than (C;H;)<9.0 eV given by 


Bleakney.() If we assume that this appearance 


' potential will be from the CH,CO+ ion, the follow- 
=i ing chain will be considered energetically. 


a) iso C;H,OH > (CH;),CO+H, , 
b) (CH;),CO+H, - CH,CO++CH,+H,+e 

The energies required for a) and for b) are 
Then the ap- 
pearance potential of the CH;,CO+ is 13.0 eV. This 


value is about 1eV lower than the experimental 
_ value. 7 : 


3. M/e= 42, 41. : 
If we assume that the ion corresponding to 
Mje = 42 is the C,H,+, we get the value [C;H,) 


- <=12.0 eV from the process d. ‘This value is 2eV 


higher than the directly measured ionization poten- 
tial of _the propylene [(C;H;) = 10.0 eV. If we 
assume that the ion corresponding to M/e = 41 is 
the C;H,+, we get the value 1(C;H;) < 10.8 eV 
from the process ¢. This value is-1,1 eV higher 
- than the 1(C;H;) <9.7 eV given in propylene. In 


_ both cases we might consider about the ion C,H,O+ 


ere & 


The ion corresponding to this mass is the C;H;. 
The process g leads to the value A(€;H;)<9.9 ev 
which is about 1 eV higher than the value 1 
<9.0 eV from the propane. 

5. M/e= 29. 

If we assume that the ion corresponding 
this mass is the C,H;+ ion, the process 7 may 
most probable. The value J(C,H;)<10.7eV led 
from this process is about 1 eV higher than the 
value J(C,H;) < 9.8 eV from the propane. } 

_ 6. Mie = 28 
The abundance of the ion corresponding a 


this mass is small in this molecule com_ared with 
the same ion in the n-C,H, OH. As above mention 
the appearance potential of this ion is that of | 
C,H,* ion in the n-C;H,OH. Bat in this molecule 


: 


the appearance potential of the ion correspond ng 


to this mass is 14.6 eV which is larger compareé 
with the value (CO) = 14.1 eV). If we assume 
that this ion is C,H,+, the process i not k& is the 
most probable process and this gives 1(C,H,) < 10 9 
in good agreement with the directly measured 

potas U(C.H,) = 10.8eV. If we assume aoe tt } 


reanpetivale: 
We Spike = 27.5 


In® fact, = 
unless this concept is adopted, we are lea to un-- 


but also in the ae one. 


que. / : reasonably low ionization potentials and unsatis- Soy 
her than the value 1(C,H;) <11.2eV given oy peerps auation of the. presley . 


= eae 


- Our thanks are due to Dr. Toriyama, Dr. Ss. 
eed and Dr. K. Yumoto for their kind guidance q 


» and encouragements. : : ear 
We also wish to express our thanks to” Mr. ae 
Kanomata, Mr. S. Kawamatsu and Mr. H. Tsu- 
yama, for their Srey. cooperations. 


fly in th tie taleae way. The abundances and 
ice potentials of the ions produced from 


electron amapaet are. 


he Saatietding. Rane of the. oxygen atom | 1S: eee a Retecence. 


locally ionized and then ‘the C—C bond is Say aS gu 0 Kambara : J.. Phys. Soc. Jap. 5 (1950) 31. : 
easily broken satisfying the taivalent property Ooi: (2). T. Kambara and I. Kanomata: Bae B 
[D+ For) this reason the CH,OH* ion is the. most tsuri Gakkaisi. Vol. 4, No. 4 (1949). oe 
ee (3) R.S. Mulliken; J. Chem. Phys. 3 (1935) 50 
(4) G.S. Parks and G. E. Moore : Pee Chem. Ph 
| 7 (1939) 1066. Ee 
(5) J. Delfosse and W. Bleakney: Phys. Re 
58 (1940) 787. : 
(6) ~T. Kambara: J. Phys. Soc. Jap: 5 (i950), No. 
Rise 5 : enc i a 2. (ine printing) : : 
ae oink Serty of ae ‘This (7) Hagstrum and J. T. Tate: Pays. eye : 
seems to be sure not only in the normal ~ ~ (1941) 354. ae 
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os Since Helmholtz made the experiments ”) on 


the damping constant of the ear, a number of - a 35 


investigations’ have been conducted on this sub-_ a 

ject. It is, however, difficult to measure these Z Sf 
s values directly. It may, therefore, be valuable Fs : 

to make other contributions on this problem in 


soon Bes necessary to peat the _ * Presented at the meeting of the Acousti- 
: eal Society of japan, November 15, 1947. 
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order to increase reliablity of the ee S so far 


obtained. 

To find a damping constant of a vificating 
‘\ system, there are two ways in general ; measur- 
ing the resonance curve and the transient charac- 
ter. So far as the damping constant of the ear 
is concerned, the latter method has been often 
“successfully used, 

In the present paper, the results of calcula- 
tion of the damping constant of the ear as a 
mechanical system are described, under the same 
assumption of the distribution of stimulus along 
the basilar membrane when a given pure tone is 
4 heard, as that was used in the previous paper) 
es in which the relation between the differential 

pitch sensitivity and the differential intensity 


\ 


sensitivity was derived. 
ea _ The numerical magnitude of the »damping 
: o constant calculated, is ‘consistent with the experi- 
ee e _ mental results so far obtained and with our resu- 
sere Its by a new method which will be published in 
other paper. 
. 7 


¢ 


© Stimiulus.on the. Basilar membrane 

chee Caused by a Pure Tone . 

2 oe In order to throw some light on the general 
nature of the masking effect of noise, the follow- 
ig ing empirical formula was found in our previous 
* | ‘ paper") to hold for the masking curve. obtained 
f i Rey, kes Las Wegel and C. &. Lane, except for the 
frequency: ranges ngar by that of the masking 


tone and its subjective Sitnge: 


M= DAW 9 (2) @ 


t 


Symbols in this ‘formula have following meanings : 
J,: frequency per second of the masked 
tone 


fet ‘: o tone, 

threshold shift of the masked tone -in 
decibels 

the ordinal number of subjective har- 
Be monics, 

ay “Ath, #) and 4; constants depending upon ‘the 
a “sensation level of the ‘masking tone and for the 
range f.< if, or f > tf, # takes different’ values, 
Nig, OF .—yNifo respectively. Table I shows the 


eat frequency per second of the masking’ 


‘values of # and A(ifo, ‘a) obtained from Wegel: 
Lane’s observations. FF 


Table I. 


Fytq to d, ¢ A(So; 9) 
| . 1Nfo 
200 60 53 2.0 
200 80 70. 1.6 
400 40 30 3.9 | 
- 400 60 49 3.2 a 
400 80 63 2.3 ae, 
‘800 - 40 38 4.6 . Seber 
800 60 50 6 Rag 
800 80. 77 4.6 a 
1200 40,~..| 40 5.2 5.6 i 
1200 60 55 5.2 =a 
1200 80 "15 5.2 ae 
2400 40 30 4.6 6.3 ) 
2400 60 52 4.6 a 
2400 80 80 4.7 ita 
3500 40 37 34.5 _— 4 
3500 60 58 2.8 ae 
3500 80 62 2.5 Ae 
5 


| 
i 
50 y, e F J 
4 
* a 
» sy 
&3 


Fig. 1, 


Fig. 1 shows an example of the curve caleulat= 
ed from the formula (1). 

If it is assumed that M in the. formula a : 
represents the distribution of stimulus of a given) 
tone of the frequency Jf, and the sensation level 
a at the position of /,. on the basilar membrane, 6) 
and that such a distribution of -stimalus may ba 
simply considered to take place by a ‘great | num: ! 
ber of resonators changing their. character com 
tinuously and being arranged in correspondin 4 
order along the basilar mambrane, we can. easil 2 
calculate the damping constant of the inner < “ear. 


Derivation of the: Damping Constant 
"> of the Inner Ear © ac La 

The mechanical parts of the ae, ear incly 
ing the fluid of the beaiion 8 are generally 


ee perimentally). : q 
Leia Since, however, any quantity of excitation ved 
an assumed resonator in the ear smaller thar 
- that ‘corresponding to. the threshold will be obser 
4° wed as equal to the threshold value in. the: obser, ; 


‘vation of aes. effect, in other words, when 


Putting M and A into (3), the followin 
tion can be obtained. gr 


Ns f to L iad = 

M= hse? 10 lo 1+@? Sree nae 
v Lol i) ag 

; w nee PIC Oe oe 
ay From (4) and 6), we cah express Q in terms 

fis fy and A, oe Shion ee ie wate 

i ake tie ee A = y/h)?) Rae hs ae 

& rc ) 3 19%" BES 40° 

Ais aihae i ieee rae Ri his e iy = a, ao a 


oe fi ey ee 


“obtain: ‘the cation (8) neglecting to highe 
Be. of Ail fos im 4 


at fe i by the pure » tone of which sensitivity ane the differential invensity sensiti i 


and the sensation level re “AC Toh a). eee 

value of M when f, is ‘equal to cay Accor-- “Aho Og (AAR) F i Hog: (re dal ss 
. we may express (4) by the following form, ‘ Putting (9) into (8), we obtain. ‘the simple rela i 
ios Re Sie Peper ee ay between @, feck and ASS may is 2 os 2 3 


Q= Bai 


Numecieal Calculation 


S 


; We can calculate numerically the damping 


ssieen vale he to a. ‘threshold. constant of the ear from the Eq. (7) and (8). ‘Here: | 
the Eg. Os with the a @, ‘we —s it: must be remembered that the mechanism of ‘ oy 


. the inner ear is not so simple as we assumed, 
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but it is composed of continuous systems. The 
picobunical resonance systems resposible for each 
tone in the audible frequency range are not discrete 
nor isolated, with the ‘result that, the character- 
istic distribution of stimulus along, the basilar 

"membrane such as assumed may occur. 
In the course of the numerical calculation, 


therefore, the damping constant of an assumed — 


resonator at f, should be given as an averaged 
value of what are obtained from (7) for different 
fos in other words, for different exciting frequencies. 

Table II shows the'value of Q and the logari- 
~ thmie decrement 6, which are calculated from (7) 
using the values of A and yu in Table I. 


Table III shows the Q and 6 calculated from 


the Eq. (10) when /. and f, are nearly equal, using 
the values of 4J/J given by R. R. Riesz® and 
Af/f; given by E. G. Shower and R. Biddulph. ( 


Table II. 
tr So . |ACh, %))  # @ mean) 6= 5 
400 "| 800 30 4.6 |19.6 
400 | 1200 | 30 5.2 |19.1 19-4) 0-16 
800 | 1200 38 5.2 56.1 
300 | 2400 | °38 4.6 29.90 42:6) 0.074 
1200 | 400 40 | —1.8 |20.4 
1200 300 40 | —3.5 (38.2 22.9| 0.14 
1200 | 2400 40 4.6 {10.0 
2400 800 80 | —8.5 | 8.7 
2400 | 1200 | 30 | —5.6 (20.0 14-4 9.22 
3500 | 1200 87. | 661270. 3 
3500 | 2400°, 34 | —6.3 [59.0 430) 0.073 
. Table III. . | 
a eeeMT iar Ch tay er teas) TN, ce en neaelltn aria canner 
Bech a Q ae 
200 5 20 0.15 
500 40 44 0.07 
1000 5 54 0.06 
1000 40 61 ° 0.05 
4000 5 73 0.04. - 
4000 40 74 0.04 


Conclusion 


The empirical formula which holds for the 


masking curve of pure tones obtained by Wegel. 


and Lane was assumed to represent the distribu- 
_ tion of stimulus along the basilar membrane by 
the masking tone. Using ‘his distribution func- 
tion, the damping constant of the inner ear was 


(i) HL. F. Helmholtz: 


calculated. The results obtained show rather go 
agreement with the experimental results so far” 
obtained : the logari hmic decrement is about 0; 1 
The relation between Q, 4J/J, and Afl fy w 
also derived. The value of Q calculated from 
this relation into which the value of 4d] and | 
Aflf were substituted, seems to be somewha’ 
smaller. But as far.as the order of magnitude ; 
is concerned, the assumed mechanism of ‘hearing 
seems to offer the reasonable explanation for the 
sharp discrimination of frequency, in spite of a 
large damping constant. = 
“In conclusion, the authors wish to express 
their hearty thanks to the late Prof. J. Obata fo - 
his kind suggestion throughout this work and | they 
also have a pleasure to acknowledge the rece 


_ of a grant in aid for the scientific research from 


Ministry of Education. 
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1e inner ‘ear, by Lobia cae the distribution of 


ee ‘the tone: “was s allowed. to mies with 


nand the same frequency than otherwiset). 
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eborenye ae 4, 1949). 


In the: previous paper"), the authors reported = 
: result of calculation of the damping PU Sas ae) 


interval after i otaes weak tone of short. a ; : 
- measured, therefore, the amount of incre 


tr non is ee ‘understood by as-" 


a comparison, | (®) the second was that. the effect of 
adaptation hardly appears at threshold. 


Scare 


I. The Dhreshold of a Tone of Sh rt 
Duration. 


It has ‘been well known that the lo oy 


a tone decreases, in spite of its amplitude bei 


their Murahion t seconds, 


pe Blog t-te 


~ the sensation dene! L, 


Paes i 


CS oeheee : is constant. 


» intensity of a tone necessary to be: just. perc 


when its, duration diminished, for ‘the _purpos: 
obtaining the direct relation that would show 4 
nature of building up or decay-of the au 


sensation as a function of time. There were 


reasons why we adopted the measurement of thre- 
* shold instead of the loudness comparison ; the first 
was. that the probable error of the mensarement 
of threshold was less than that of the loudness ~ 


Experimental Procedure. 


The experiments were carried out in a dead 


44 


room (of about 65x38 cubie meters), a subject 
being situated in the sound field’ established at a 


distance of. two, meters in front of a dynamic — 


loud speaker which was in-a plane of one of the 


% 


walls, ‘ 
Shift of the phresold of the Babieet expressed 
in decibels, owing to shortening the duration of a 
tone, was measured by the following procedure. 
: In the first place, a pure tone of 1000 cycles per 
-_* second and of a given intengity sufficient to be 
ie perceptible was allowed the subject to listen with 
ey the duration of t seconds, by the key of the trig- 
ah ger circuit operated by the observer or the operator 
oe in, the separated room while the intensity of the 
y 3 _ tone being reduced in one db steps by means of 
an. attenuator. The observer worked at the key 
five times with irregular intervals of about two 
“seconds at every attenuator setting. 
| The subject was provided with a push batton 
which lighted a small electric lamp before “the 
et operator whenever and ‘so long as the tone was 
ey ee 
The observer was thus redacing the Jatensity 
of the tone and recorded the number of the tone 
‘ ; exactly perceived in five interrupted tones at 


every attenuator ‘setting until the subject could 
Then;. the observer was 


‘no longer hear the: tone. 
tty - increasing the intensity of the tone following the 


_. reverse procedure. Fig. (1) shows an example’ of 


; 3 the result obtained by these procedare. 


a 
4 
re . ” 
o S 3 ae 
suumésis ff segponde 
. ae x 


20 2 


¢ ‘3 a altemuation in dh 
Fig. 1. 


numbers of exact responses are. shown on the or- 
_ dinate and the value of attenuation on the abscissa. 
The value of attenuation  correspondidg to the 
stage where the keying of 2:5 times in five ‘were 
exactly perceived was taken as the value of thre- 
: ie shold for the tone of duration ¢.(*). 


The values of 8 were measured for the dif- 
f : ; 


. > \ a ” . 
Yasuo Makita and Shin-ya MIYATANI. he ae 


The «: 


* ~ : » ; ra .s id af a a 7 5s) Sop 


‘ 


ferent duratien of the tone ranging, from one se- § 
cond to 0.03 seconds on the three subjects. The 
amplitude of the tone at each attenuator sett- 
ing was- inspected to be. unchanged irrespective 
of its duration by means of a moving coil micro- 
phon, an amplifier and a braun-tube oscillogragh. 
Although the measurements were also perform- 

ed using a telephone receiver instead of the dyna- 
mie speaker in order to inquire the effect of the 
reverberation of the dead ‘room, even if it was. 
very small, upon the experimental results, the dif- 
ference of the results obtained by these two pro- _ 
cedure was proved to be in the probable error of © 
the experiment. é ; 


> 


Results. ; 
Let be denoted the reading of the attenuator 


tones of which durations are long enough and of ¢ 
seconds respectively. Furthermore, let the intensity* — 
. of sound field established when the atvemuator sett- t 
ings are 8, and 8 be I, and J respectively. . f : 

a 


ae setting at threshold as 8, and 8 corresponding to. 
i 
€ 


* The t term intensity. used in this paper means 
‘ that which is measured when the. tone was eis 
on continuously, 5 


en the rate of increase i in the amoant of 3 nerve 


ah 


: fopotes by: fading away. This statement can 4 
: mathosucaly pence in the ee 


“cortex. in, unit time due to the tone of intensity mt 
_ I be denoted by ‘N, then the following Felson holds 
between WN. and le 


N=KI. 
mes f : 
where oe is a a positive constant for the range abo’ re 


‘tr to 


alt Bae = dt = Akie(L— wo vrai 


ee eg de 8, = Abe 


Su may, renee, “deem that Se would rep? 


~ that the intensity: of a eas duration of wb 


~t; beso ey be increased. as much as is 


“may hs perceptible, 


eres | 
4 
\ 


ten Ge Alle 267) a Aligt tos 
ips Wiese Sah. 
in the case of the ee: we take 


ses sent ‘to ine cortex in “anit time is oA 


nal to the Intensity of : sound for the range 1a e "ye oe « Ye ss 


ar yf ee and that each, i iy. (8) is s identical with ae O obtained experi- 
if mentally. 


mate tats Bot aes ; ne 
: st oF ~ = . rN 
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Il. Threshold of Interrupted Tones. 


In order to critisize the validity of Eq. (4) or 
Eq. (8) which are based on the assumption of the 
integral mechauism of nerve impulses sent to the 
- gentral nerve system, we derived the expression for 
the intensity J of an interrupted tone just perce- 
| ptible, in terms of the duration of the tone 7; and 
that of silence T, from the Eq. (5) and compared 

* it with the experimental results. = 
Let the instant an interrupted tone is allowed 
- to hear, be the origin of time and consider the 
: progress of the:amount of stimulation in the central 
nerve system under the assumption of the integral 


~ mechanism of nerve impulses. Fig. (3) shows. the 


assumed progress of the amount of stimulation with 


the elapse of time. ese 
Let S;, S,,....Sn,... Sx, be the amount of sti- 
mulation at the time 7), 271+T>2,...4-nTi(n—1)T),... 
. oc respectively. Then, the mathematical expression 


on tczrzupted tone 


IT4+25 


&T +37 


Fig. 3. 


~ of the progress: shown in Fig. 8 can be easily 
derived fron Eq. (5) as follows 


aif 
S, = AkIe1—e ae) 
T5+7% 


S,=S,i+e =) 


i Ren as) E 0 Went S 22+ TZ) (=1) (2447p) 
Si= Site t +e> t =4.,4+e. oF a) 
; / t 
“g Sr _ AkIe(l—e *) . 
ye Fy+T.°> T+ (9) 
L—e~ ee Le te 


Thereby, in order that the interrupted tone be 


perceived, the following condition must hold, 
Soo AkI,t , ; ~ (10) 


_ For the threshold of the interrupted tone, we take 


Eq. (11) is identical with Eq. (4) or Eq. (8). 


» duration, i.e. the trigger circuit and the relay were 


on the motor shaft, and two brashes contacting | 


the driving motor. 


Sa = AML 


Saree 2 
Tae" =) 
se ; See Es 
l-e * 


There are two special case which Eq. (11 
should satisfy ; one of them is the case when Ty ; 
vanishes, the other is the case of the threshold o 
a tone -of short duration, viz. the case when 7 
proceeds to infinity. It -is really shown that in- 
the former case, Eq. (11) is identical with I= I, 
consistent with our definition of J, and in the latte 


Experimental Procedure- 


In order to secure the validity of Eq. (11), we 
carried out the measurement of the threshold of 
tone of 1000 ¢.p.s. interrupted after the manne 
of on-duration T, and off-duration T, being vari 

The procedure of the measurements was ana~ 
logous to that mentioned in seetion I, except that. 
the arrangements for generating a tone of ne 


replaced by a rotary electric motor. As is shown 
in Fig. (4), the switching device is composed 0 


Fig. 4. 


the same two metallic cylinders arranged adjacently 


with these cylinders respectively. The semi-circul 
surface of each cylider is inlayed with insula 4 
material for instance bakelite and their positio: . 
ean be adjusted independently around the: shaft ¢ OF 


When either of the two brushes | comes tare con- 
tact with the insulating part of the correspond * 
cylinder, the output of the oscillator 0 being sh shor 
circuited, the tone is stoped. On the other 
the tone is kept on while both brushes are 
lated at the same time. On-duration T, and 


~ Conclusion. wee 
24 1D “The iatonsieg Hi of the tone of short duration, 

t (0. 03- 1sec.) just perceived was measured and : 

_ was obtained Eq. (4), the relation between J Bh : 

t which could be derived on the assumption of the. 

_ integral nature of nerve impulses in the central 
nerve system. 


2) It was shown that the value of the ae cae 
ant at the alae of 0. 057 cane and T’,/ 


{ stant of auditory sensation was 0.2-0.4 sec. which = 
ae varied from 0.01 to 1, are shown in; 


would be almost entirely ascribed to the integral 
mechanism of nerve impulses in the central nerve 
~ system and that'r meant the life time of one nerve: S 
impulse in the central system. ; 
3) Results” concerning the threshold of the ston 


of short duration was consistent with those. of: 
W. A. Munson except: that the adaptation phe 
ae -menon did not appear in the present obsérvatio 
(12) on account of the © experiment being confined t 
. the threshold measurement. Saran ee st J: a : 
“ : 4) The result of G. v. Békésy, Eq. (1), can vb 

detived by Spann Eq. (4) in Powee series 0 


5) The just. pereeptible intensity Toft mop 


seconds ‘was ; measured Bea it was shown’ that: Ea. 
(11) see between Pe, .and Pe se a4) wa 
‘cel nature of nerve Geadaes tes time eo eee 
- obtained: in this. ease being consistent with that 
obtained in connection with a tone of short. dura 
tion. -The parts of result. of W.R. Garner? y ma 
pe Summarized” in Eq. (11). 


L a the operator. T: for the range in whi 

\ ‘Fechner’ s law holds T is logarithm. a 
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On the Paramagnetic Susceptibilities of Some Polynuclear 
Complex Salts. % | 


“ By Kenjiro-KAMBE. 


a ea Faculty of Science, University of Tokyo 


TAS Introduction. 
BY ee In° the extensive experimental work on the 
aoe bingnetio susceptibilities of various salts, L. A. 
s) : elo!) has measured the atomic paramagnetic sus- 
_ ceptibilities %, of a number of polynuclear salts 
containing 3 atoms of iron or, chromium. These 
measured ha obey the Curie-Weiss law i in the tem- 
- perature range used by his experiment ; from the 
solid CO, temperature (abut —70° C) up to the 
bee room temperature. The Curie-Weiss law is ex- 


_ pressed by.the formula 


Bea. oS tt GUP LB): (1) 


ae 7 where Cand @ are constants for given salts, and 
ag 7 is the absolute temperature. As to the polynuc- 
lear salts in question, the values of Care the 
vy bane as found with simple salts of iron or chro- 
is mium, but the values of 6 are large and negative. 
Among many results ‘of Welo’s measurements 
‘ some typical examples are shown in the Table I. 
i In this table reference numbers ‘of salts are those 
used in the Welo’s paper. 
- In the Welo’s paper, large negative values of 
_ # were explained by the electrostatic couplings 
between the iron and chromium ions, which. were 
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/ 


-positive for ferromagnetic substances. 


‘f 


assumed to have permanent electric dipole moments, 
and the neighboring organic groups, which were 
also assumed to be permanent electric dipoles. 


| i 
; 
q 


In this paper more reasonable explanations — 
are suggested on the quantum-mechanical grounds. — 
Ferromagnetic substances have paramagnetic sus 
ceptibilities obeying formula (1) above the curie- 
point, but in this case the values of @ are generally — 
positive. In the theory of ferromagnetism @ are 
connected with the exchange integral which is 
In analogy ' 
to this facts, we attempt to explain large negative © 
values.of @ by the exchange interaction between + 
iron or chromiurn ions in a molecule, assuming the 
negative exchange integral. 


~ Ff 


ie | 
To make the quantum mechanics applicable, we 


§ 2. * Assumptions. 


make the following assumptions concerning “« 


_ structure of ‘these salts. “Se 


(1) Metallic atoms in-a eau Fe and Cr, ; 
are in the forms of ions, Fref+ and- Crit. @) All ; 
these ions are in S state. Fe’+ ions are in Sapa 
state. The ground state of Cr*+ ions in free state 4 

is *F:, but on account. of the very strong elect 
rostatic interactions between this and the hale | 


eek Table I. Atomic susceptibilities at 20°C, ‘and constants C and 0. ab Ae 
ee ae ee Rr SS a Dh 
i No. Salts, pS ta 10! (20°Ce = Cs eee 
Poi ,  1/8[Fe,(CH,COO),(OH), JNO; + 6/3H,0 19.13 4.10 | =577 
r 4 .~  1/8[Fe,(CH,C100),(OH);JNO,-+5.5/3H,0 14.38 4,05. —593 
1+ —_1/8Crs(CH,CO0),(OH),]C1-48/3H,0 22.85 1.92 ae 
Ga 130 1/3[Cr;(CH;COO),(OH,)(NH;),]L 19.10 es aie 


| (6S) = Serb. Sy one iee Ges 
Sup s SEAC so. mee d 5: Sy a We write S* = = Si+Ss, Sl= $48.48. Ther 


m is concerned. ey Metallic” ions we > have. 


x 


e cause of! the paramagnetism, ‘other ions 


suse) = = - 25(8- HP ieee. S,), 
groups in the ‘salts will contribate On yihs7 


“Binge the effect of the latter be SS") = = ie +1) +2(S,5.) 


; . 4 2(Ss S)+218, Bae 
een n considered in the © assumption Qs we Hence: Shon ets sight ge a, 


e diamagnetisin, 


 2(5,8;) = = SUSE 1 asisty, 


: Between metallic. ions in a | molecule z ASI) +2, S)=S SKS! aA =S4S*41) ene 
eon eather, SD: : : 


le ae sieaec Totes, and us 18 reason- - ; s 
xcept at very low temperatures. (5) The — 


ae of i jons in a eas £e 


the addition ruta. of two ny vectors. oe 


4 | 
ae ur theory and the experiments. ae ir - ist SAS. ee | ie 


mh 


by the same rule. For a Biven S* values, 
es A eet Manse a hot 


ie si S*+S, SES 1, 


i one iP tbe me rear’ 
of - @ = ae fine structures: Sis For all the allowed values of S*, we determine 
Shemes y enenee oe eractions - between all the allowed values of S’. From this table we 


=) 3 


BN eye ean conversely determine ‘the allowed values 
oF this section, as energy Jewels of system corresponding to a given Ss’. Now we ean 
ions a ‘Ss states ar e studied, when the — Tate th the eigenvalues of H easily, and. the 
interactions are present. For this, par - “levels of the perturbed system can be given u 
“pose the v vector model isused. neo tthe parameters, J and a. ‘These energy va 
urpose, the ‘essential part of tne Hamil- will be written a as. ms’, =) 


i i+ J; ‘S, a0: + J (SS0h x he eae of states Pore a given s valves = 


PECs Se et the number of the allowed S* values for ‘the 
re le: denotes the ‘exchange Wks goal between | 


d goth i ion, pe S the. e0in nether ith ion. 


_ given S! value. This mnber ¢ can be! computed by 


a well-known formula) ; ; . ok Reece 
- $ Sis 1 t, Bos 


oS) = 1801841), | eae 


wher a(S!) BAe coefficient of oe in “the ex 


* 


\ 


pansion of | eras PEA oe AA 
fext we deduee ihe p anearatnes of 2), making syst ao: ios REE is dn ee Se 
; (aS pasa t ES aS Ag 3a Clee 
y - model. - In this paper- only the Pi Nae peste 
e three. ions composing the ‘system and » is the number’ of atoms or ions: composing 
will bo tate so > the: Soe of ‘the system. In our case n = 3. 
¥ , i , : NG 


* veer} 


hel Se 


where N is the Avogadro’s number. 


oe | - Kenjiro KaMBE, Ses es 


§ 4. Derivation of the Paramagnetic 


Susceptibility. 

When the system is placed under the influence 
of external homogenesus magnetic field (along the 
z-axis), the, energy levels calculated in $3 split 
further. 

The first order. Zeeman term 2Ms/8H must be 


~ added to the energy value W(S’, S*), where § is 


the Bohr’ magneton. H is the field strength and 
M;’ takes the valus S’, S/— 


: ee —S!. a 


Now we can obtain the partition function Z 


-. for the system of molecules under the influence 


of home geneous magnetic field ; 
“Z= > eX [—- ws’, SHAE) 
- sinh [(2.S’ +1)@H/kT]/sinh [eHikt} 


Then the paramagnetic susceptibility per mole %m_ 


‘is 


_ 4N. 319'(S! 4.1)25/-+1)exp[—W(S', S*/KT] 
~ BkP —- SX2S’-+1exp[—W(S, SH/kT 


(5) 


The atomic susceptibility %, will be given by 


1 
Ke = hm (6) 


‘ 


For the comparison with the experiment, it is — 
“~“eonvenient to use the effective Bohr ii 


petcst of the susceptibility. 
This is defined using the theoretical %,. 
He = SRVETIPL (2) 
br directly from the experimental formula (1), 
= 2.839 1%.7 
= 2.889) CT(T— 6). (8) 
8 5. Polynuclear Salts of Iron Alone and 
Chromium Alone. 


Let us apply the theory to the case of polynu- 
clear salts containig Fe alone and Cr alone. Fe*+ 
ions are_in S:p state, so in this case S= 5/2. For 
Cr’+ ions, S = 3/2 (cf. 32 (2)). 


A = 1+20 exp(—3x)+105 exp(—8x) 


B=1+4 exp(—3z)+9 exp(— 8r) 


_Q = 24 8exp(8x)+9exp( 8) 5 


theoretical curves calculate:i {> the above teal 


Performing the procedure explained in $3, w 2 
obtain the energy values using the parameters ~ 
J and x. And then by the formulas (5), (6), (7) : 
we obtain the expression describing the temperature | 
dependence of thee The parameters J and « must’ 
be so adjusted that the theoretical 4, (7) agree = 
the experimental #,/(8). a 

After brief preliminary calculations, we find 
that « must be approximately 1. So for sim- 
plicity, we assume «=1. This corresponds to’ 
assume three metallic ions in a molecule ‘make a — 


regular triangle. Then (5) becomes 


4 AN SIS(S+ 1)(2S’ +1)0(S")expl— ms! kT] 
as 3kT D>\(2S! + 1lo(S’jexp[— W(SWKT] ee 
a OF 


where W(S’) = _J[S4S! +1) 38'S +))}. 
From (4), (6),- (7), (9) we have fork S= 5/2; 


u? = A/B 


ines bp 


+210 exp(15x) + 330 exp{—247) 
+429 exp(- 35x)-+455 exp( - 48a) 
_ +840 exp(—63x) 3 (10) 


+10 exp(—15a)+10 exp(— 247) 
+9 exp(—35 x)-+-7 exp({~- 482) 
+4 exp(—638z). 


where «= — J/kT. 


For S=3/2: w.= P/Q 
P =2+40expx)+105exp—S-) , 
+168 exp(—15x)+165 exp 24»), Ree ett 
oxp(—152) 
+5 exp(—24z). : 


Fig. 1 and Fig. 2 show the comparison of 
mulas with experimental eurve 


the formula (8). 


curves, we took in the expycos>> 


computed from | | 
uz the theoretical i 
(10) J = 38k, 
40k, —42 5 im AD, 14, 16k, —18k 
These values are not unrensomible 


In -ealevisaia 


_ and the agree- 

ment between theoretical oi: yond tal 
curves are good, considerny,; 2 
mations made in our eales! iiss ar 
of experiments. 


. 


: poe Salts. 


ee ‘tures of the stseoptibilities of the salts of this type 

Sy can be explained easily along the line of our theory 
the quantitative comparison of the theory with th 
measurements will be premature before more 
_ measurements are made on salts of this. type. So 
“we will not give here the explicit formula of the 


_sosceptil ity. 


lege Conciusing Remarks. © 


To Sevan large negative values of 8, 6, it seem 


theory of magnetic sgusdeptibilitiee of” 
salts®), but we could not succeed from this stand 
point in ‘obtaining a reasonable explanation « of our 
problem. $ ‘ a 
In this paper ‘we concluded Trot the ‘a 
of the susceptibility data that the metallic ion 
form approximately regular triangles in a mole 
-eule. But_ to confirm this conclusion 7 


the determination of the. configuration of at 


Aosjrable: Bib 
_ The, measurement: of- the’ magnetic 
lities of polynuclear salts containing ‘only 


prio ae ions will be peace? 


rs Pig 2 Be Yor Ss = ae 
: “ guidance, 


Pol iynuel clear + Salts, ie, Th : eee fit _ References. 


ety OL. iat Welo: Phil. Mag. 7th ser. 6, (1928) 481. 
(2) J..H..Van Vleck: ‘The theory | ‘6 elec tric 
sr - saad magnetic susceptibilities ed (rs : 
HC =8.0 ee Ces y) tel, Chee StL. 
Vee Ree eA) abide paged. 8. 
emol alae susceptibility ; ce and oy L. Pauling: “The nature of chemical bond 
: ED vee Thy: ¢-165. 
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counter was also discussed.’ 


§1. Introduction. ; 


Tray pons the measurements with a G-M counter, 


counter. 
blem only, for the Tray of the) comparatively low 


able knowledges for the high energy Trays such as 


however, in the experiments using these T-rays, 
the knowledge of the efficiency of the counter for 


the efficiency for the energy range from 10 mc? to 
85 me, ‘taking i in mind the three processes ; ; the pair 


3 creation, the Compton scattering and the photo- 
electric effect taking place in the wall of the coun- 


> at is necessary to know the range, the angular dis- 


by these processes. , Since, however, these are 


pean 


energies, weare obliged to — the theoretically 
pealeplated values, 


§ 2. Thick “Walled Counter. SY 


in our experiments with 17MV r-ray of (Li-p)  re- 
action(). ‘The. reason of selecting lead of 6.5mm 
¥ ire reso is ‘simply that the lead wall of this thick- 
) ness ¢ can just prevent those electrons @f 17 MV and 


eA theoretical ealcolitors was made by H. 
<4 ukawa and ‘Ss. Pada for the inte BP to 


The c Efficiency of the GM ‘Counter: : « oo 
By Masateru Sonoa. 


_ Department of Physics, Faculty of Science, University of Kyoto., 
(Read April 28, 1949 ; Received Feb. 15, 1949). 

\ Abstract. 
‘The eaten: i.e, the Aaa probability per one quantum of the thick-walled y-ray counter tee 


was: computed theoretically, by making some simplifying assumptions for several energies between 
- 10 me? and 34’me? (Li-p y-ray) and for different. wall thickness. : 


_ expelled from the surrounding materials BY 2 
In order to obtain the absolute intensity of the. 


it is necessary to determine the efficiency of the — 
A few. workers(?) have studied this pro- . 


energies: up to bout 5 me’, but. there is no reli- / 


the ligtielostris effect respectively, whose contri 


‘those emitted by the (Li-p) or (F-p) reactions*. Since, butions were small in our energy ranges. It is, 


tion ‘process, ‘which pha an important: role i in % 
these energies is important, it is tried to obtain © 


ter. In determining the efficiency of the counter,’ ie 
tribution, ete, of the secondary electrons produced 
searcely known by experiments for such high’ 


‘quantum. This assumption is reasonable for. the 


ee We have used the lead Se anntaie 6. 5mm thick’ 
Tange larger than acm. (38) ‘In the case of. the om 


emitted at the same time. 


less from patcrine: into ‘the cinuee « which may ‘be 


dae oN 


The efficiency of the thin-walled — 


T-ray. . “aes Lies 
In calculating the efficiency of the lead cow 
ter, we used the theoretical values of the range 
of fast electrons calculated by W. Heitler'. ‘The 39 
eee, distribution of: See was inferred im 


athe rgeoil process, and from Hull's one ee 


however, not known in detail for, the pair ore 


lead wall for the range of such high energies. 


Mbraover: te: efficiency depends upon the sh ap 


and the thickness of the wall, and the energy « of ray ; 
quantum ina complicated manner, and further, the ty 
effect of multiple scattering of the secondary ele 
trons- makes the. rigorous calculation, more 
ficult. SE Soe gh ana: 

Hence we must perform the merely approx 
mate numerical calculations under the followin 


simplifying assumptions. (1) Most of the pair com- o 
ponents are ‘emitted in the direction of the tray 


-rays of energies concerned and gives rise to little % 3 
error(®, (2) All the electrons are counted ree 
are emitted from’ the layer «cm distant drom the 


inner surface of the counter and have the average i 


pair creation, the two electrons (+ and ss are am 
Therefore, both of 
these pair components can simultaneousely pene- 
trate into the effective space of the counter, when 
# is smaller than the critical value determined — - 
by the energy of the incident y-ray. These two 


t = the total absorption cbeficieneet in 
t= ~ the thickness of the’ wall 


Re) = the range of electron whee energy 
was ‘assumed to be normal to a pair of is pate ay ie a 


Me . Pe cise one with eq ial cross-section for 
im fication). The direction of incidence of the 


Planes: with the same thickness as the cylindrical aren Ne the number of nei per unit volu 


r as shown in Fig. 1**, The necessary Cor sh ‘Z= the atomic number of the counter, 
ESR wall. ne cae? 
The results of numerical integration a are given 

in Table I and II, which are graphically shown. in’ 

Pray tes .Fig. 2 and 3. Table I and Fig. 2 give the effi i- 
eee . ency of the lead counter of 6.5mm thickn 35 for 
. various energies of the incident T-rays, whereas. 
Table Il _and Fig, 3 show the relation between the 

efficiency and the wall thickness for Ore Tra y 

Sesh CUTAN 20 ropa eet oie 
, Further we have to ‘eanpider’ the effect of ‘the 
cylindrical shape of the' counter instead of ‘the rec 
tangular one. If the T-ray falls on the coun 
with the angle Ls as indicated by the stement. a 


e to oblique incidence of the reray would ‘varies oat 6 6. When the effective thiokess te ‘is t 
red. ldtere y Srnalier than the ‘maximum } range Rn of the seco 


tha efficiency 7 may Be given by ie eur dary electrons, the contribution to. the efficiency 7 
Ip % Ye and ‘pa, Which denote the contributions _ a the portion 0, 0449 is given by ms x ca 
he ytPaivelentzhe effect, the Compton process Ree me €08 4 d 0, fe 3 ; tG< 


— 


"where Nte is the efficieney of the rauagote mount .4 
of thickness te which is shown. in ‘Fig. 3. % xia 
When te > Rms ‘the above quantity is. + given 


- 
\ 
\ 


Be ef eae sae a 
m=), TP exp[—tt—a)]-Népsalde Tm OP Eons Real “008 000 


; RE.) ci 
to= | expl—rt— a) NZe (adr 


3 R(€ na) ’ 
a= . Rauear ues 


¢ iency due to pair creation should be rail tplled 
certain factor between 1 and 2, which could 
hardly be determined accurately, 


1 


** If we assume the forward emission ie se- 
dary electrons as described in the assumption * The seule rae Yukawa-Sa 
d neglect the effect of the bremsstrahlung, for comparison in the figore by 


: wer part of thecounter (| @| > 2/2) shown i in which was calculated for the lead ¢c 
1 may not be important, _ thickness. hei ; 


Table L 


‘without an appreciable error < 


The € Bifciency of the cmc Suter: 
may . ait an é 


ese anes may be diminished By a certain factor 
smaller than one owing to the effect of multiple . 
- scattering of the secondary electrons. This factor, 
however, will not differ appreciably from one for 


“such high energies and may therefore be peeicater 


The Efficiency of the Lead Counter 


~ Ne 


(Wall thickness, 6.5 mm and inner diameter 2 cm) 


“hu(me') pa tpn 00(%) 708) 
—-84-—«| 0.260 0.040 0.008 90.2 28.1 
p20.) 0.228 0.039 0.003 26.9. 25.1, 
B25 | 0.179" 0.088. 0.008 22.1. 20:7 
Be 220.) 0.182) 0.088 0.008 17,8. ¢. 16.8 
_ 12 | 0.053 0.037 0.006 © 9.49 9.00 
2 | 2 rectangular 
3 ara 40, . 3 3 
os 2o-~6ylindrtcal- : 
oe > - : 
Se a \ 
Vv. 
aah 
% eI 
ae : 
Sond 


¥-vay energy Ea mc? 


Ft Fig. 2. The efficiency of the Pb 


counter of 6.5mm thickness. 


_ Fig. 3. 


‘The efficiency of the Pb 
ip ies counter for 34 me* hy (inher diameter 
f ra eee 


a Wall thickness in mm 


» the experimental results. The experiments, howe i 
_. ever, will be very difficult especially for the thit 
- counter on account of the fact that the seconda y 


Table II. ‘The Efficiency of the Lead Counter pee 
- for 34me? hy ws 


(Inner diameter 2cm) 


counter thick- ee 2g 4 BS eee j ia 


ness (mm) | 
- 10 (%) : 11 186 290 26.7 2.5 8 90 y 
20 (%) | 11.6 17.4 23.4 27.7 29.4 28.7 28.1 


§ 3. Thin-Walled Counter 


Next, we consider the counter of the wall ‘thin f 


compared with the range of’ the secondary elee- sae 
trons, In this. case the efficiency of the counter - e 
is approximately given by ” ke 

= Wt Uipahtat Ton) ee 
in which t is the wall thickness andr is the absorp G 
tion coefficient of each process. 


. By taking into account the effect of the onli 
incidence, we get 


= Stl pa +T. ae a 


the Table III, IV and Pip: 4, The energy cepend 


-ence is almost Jinear jn both cases. 


~ © trary constant factor, as is seen froin ‘Table. v y 


Tiel 
and Fig. 5. These values may be compared with © 


electrons emitted from the surrounding substance 
are READER ADC for the discharge. 


Table Il. The Efficiency of the Lead? 
Counter of 1mm thickness 


hy (me?) |) 12 20. 25 80. pe 


c(em-!)} 0:509 0.622 0.652 0.698 “0,785 
Pb (%) 8.00 ~ 9.77: 10.4 11.0 uD 6 3 ie Ss “ 


Table IV. The Efficiency of the Al 
ms Counter of 1mm thickness - 


hy(me?)| 12.2085 30°, “She. 


cin 0.0637 0.0514 0.0465 0.0439 0.0433 
na (%) \° 1.00 0.808 0.729 0.691 0.682 


hy (me)? 


NPo| VAL 


Kyoto iteanity for helpful suggestions ¢ and val z | 
able discussions. oe 


\ 
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oe often;been: assumed that the: Biaiged. ‘ toa alteady Fins given by Sixtus a 
caleaes of a magnetic domain mh iced in. sides the aforesaid eddy current which 
the boundary displacement velocity, th bab 
of spin. inversion as an elementary f Process 


displacement of the domain boundary also. : 
} 


e B denstie field due to an elects eddy current ; 
ced by the displacement of the-oundary: On 


basis | a theoretical formula for the velocity tak to te 0 thi 
nie ica Aa aken in accoun n this basis 


leone, of a a Magnetic Domain 1 Boundary. ; Giveies eer pie 


ry ‘ina bercomcrer substande. Now, for ex- 
mple, if a ferromagnetic’ wire of permalloy is 


_stretched by tension and magnetized to saturation, 
3 subsequently increased again in an opposite direc- 


a wire takes. place in a single Barkhausen j jump when 
the strength of the magnetizing field reaches a 
certain value. 
displacement of ajsingle domain boundary through 
the whole wire, one can “Measure directly its dis- 
placement velocity by observing the Barkhausen 
_ jump at the different points along the wire. 
this way the writer “measured the ‘displacement 


wire under different tensions, at various temper- 


i _ data thus obtained the influence of: the eddy cur-- 


and if the magnetizing field is first diminished and _ 


In 


tion, then a magnetic reversal through the’ whole © 


Tf this reversal is caused by the 


: velocity of the domain boundary in a perminyar 


atures ranging from -196°C to 200°C. From the ~ 


~ rent factor has been found to be of minor impor- — 


“4 tance compared with that of the spin inversion 


factor even in a conducting ferromagnetic sub- 
stance. Pe: 
¥ x at > ‘as 
"Specimen cca: Method of é Velocity 
‘Measurement. 


Specimens used are wires of Fe-Ni-Co (30 %, ; 


45 2% and 25% respectively) alloy, the length and 
a diameter of which are 250cm and 0.2mm res- 
péctively. In order to eliminate mechanical strain, 
a specimens are annealed ‘at 800°C by flowing an al- 
5 ternating current in these ‘specimens. for 10 
‘ “minutes. : 
_ wire of the mentioned composition is small, its 


Since the magnetic anisotropy of the 


_ magnetostrietion is isotropic and further its satu- 


ration value has a’ ‘positive sign, ‘its magnetization 
‘ curve and hysteresis loop take a rectangular form 
under the action of a certain uniform tension along 
| the wire; 
4 ” preferential direction of the ‘spontaneous magneti- 
zation and the reversal of magnetization oceurs in 
a single Barkhausen jump. The field strength in 
§ which the Barkhausen jump occurs is dendted by 
_ —&#A. fs : 


The axis of the wire becomes a unique 


or 3 | 
An apparatus used for the velocity measure- 


ment at _nig0° ce is ‘schematically shown in. Fig. 1. 


; ‘ied to the ‘specimen in the- opposite a 
‘magnetization by. a solenoid S,,, (length 150.cm, 


- gaid search coils are connected in series, the peaks — : 
due to impulsive electromotive forces induced in : 


tic boundary are successively observed on the os; 


- these instants on which the boundary passes through | pe 


The specimen is sirebebed by a weight 2, and four | 
search coils, Sc,, Se,, 


Se;, and Se,, are wound on se: 


Mag netizing 
solenoid, 
(Sm) R ey 
Search coil(Sc} ~ 


B . (Sc,Se,,S¢,,9¢,). ~ ey : 


Dawer's vessel 


B Search coil 


Weight (W) 


diagram of ~ 


Schematic 
apparatus for velocity measurement 
at —190°C. 


Fig. 1. 


the specimen at. intervals of 


turn number per ’ cm es Next, a local field 1 


Hm. Owing to this local field a magnetic revers = im 


tization of tHe whole wire takes eee As ‘th 


each of the search coils by the passage of magne- 


cillogram. The distances between these peaks on a 
the oscillogram, that is, the time intervals between 


the portions covered by each of the search coils, i 
can be measured on the oscillogram. Thedisplace- .— 


ment velocity of the boundary may be given by 


‘search ‘coils eg aes Riaaired time intervals. In 
the case of measurement at high temperature, a 


Ww war's, vessel in Fig. 1, is replaced by an ele- - 


Results. 


(09S/,,) Kyrie, 


is 50 m/sec.. To avoid, the initial stage of 
isplacement, the velocity is calculated by the 


04 ibe ane. 
Pe (Oe) 
aha 2, Velocity-field e curves for’ 
a Swire sAc 38s eae 


n 100e1 em » apart from the adding coils S,. The . 
ati between sue deen» rely and the 


respectively. For room teanfiebettice and pes 
> measurement of the heraeal s La 


< 
fe] 
= 
° 
2° 

Se 
es 
ai 
> 
o 

‘ fi. 


sngth for all temperatures. Tt is founa 
is high velocity range the velocity-field ie 


are all parallel. However, it is also re- as ; 
: z . : ~ Hm “(0e) * 


ee 3. Velocity-field « curves for 
eh BS ; e 
Table bi Nallcsden w 190° C and 10°C with wits oe 


Veal (m/sec) .|  Vobs (m/sec) ts “i Bxioy | is 


24.0 +x BR ge Oth ee ah Baa 
£16.65 ib iB eet ania 
65 oe BAL he 
65.0 16.6.6 56 A Baro stiee 
S708 nips | Ne IN alae tl aa 
LOB sh} 8 a Bien pe pees 


Table II. Sedeeabst 2 at 25°C and 200° °C with wire SB 
Veal (rans) Vobs tps 


y 
{ 


Bee 


one done tes by “ the time interval eae 
Bs eee which the front of the boundary 
: enters a search coil and that in which the end of 
‘the boundary leaves the same coil, then ‘one can 
determine 6¢ by measuring the duration time of 


an impulsive peak on. the oscillogram, For the 


determination of 6¢ the correction due to the natu- 
_ ral period of the. vibrators of the oscillograph is 
Using the values of both the — 
duration time of ‘impulses and observed velocities 


taken into account. 


we can estimate the length of the propagating 
boundary. along the wire ’é by 4 = Vét. The values 
of 4 determined by ‘this equation are shown in 
column 3 in Tables I and II. — Ripe 


a 


Fig. 4 Barkhausen Oscillogram. 

_ The duration time ¢ét is- determined 
by measuring the distance between 
two points on ‘the impulsive peak,” 
and the remaining part of the peak . 
_will be characteristic of the period 
of, vibrator (75: cycles). This method 
of measurement of dt is certified: by 
comparing another oscillogram, that 

Posty a is taken by. using a vibrator ee 
fos 3000, cycles. Nien 
_ The distance between upper Spots * 

indicates the time interval of 1/100 

epee. (c= Bad ’ 
. Discussion. 

During the reversal of magnetization, thé elec- 
" tromagnetic energy of the amount H-4J should 
: be transformed into. heat energy. Here AT is the 
we total, change in ‘magnetization during magnetic re- 
versal (double the saturation of magnetization). 
3 Now the dissipation of the energy H.-4I oceurs-as 
(1) the Ohmic loss due to the eddy current by the 
iE boundary displacement in the ferromagnetic me- 
5 _ dium, and (2) that pointed out by Katayama: An 
interaction between the 3d electron and the crystal 


lattice arises due to the irregularity of the perio- 


am a 


fs ri 2 Me é ne 2 ‘ * : 5 
a oe me Velocity oe a “Magnetic Domain Boundary, ODO i eae 


~ eess of the ‘boundary displacement. 
by Katayama that energy of the’ spin magnetic ve 


_ velocity V is given as follows : 


, eddy current loss. caleulated using. the Se 


due to the internal stresses distributed irregularly 


ing conclusion in this section does not fall. 


a Tr 
. t 


dic field of seed es potential by thermal vib- ‘ 
ration and by this interaction 'the inversion of ele- 


etron spin, which composes the spontaneous magnet- —__ 
ization of the wire, occurs at domain doundary. : 
This inversion can be seen. as an elementary pro- _ pes 

ion 


It is shown Hy : 

‘ 
moment against the external magnetic field is ab- : 
sorbed by the crystal lattice by: the oceurrence of Bee 


the inversion. Now the displacement by the field. . 


strength H, ‘tnlind place with exceedingly slow 
velocity, no eddy current loss will occur by hie 
field. The dissipation of the energy H: 41 will 
oceur by the direct energy exchange between the 
If the 
field strength H is greater than H,, the displace- 


spin of electron and the crystal lattice*. 


ment takes place with non-vanishing velocity and 
in this case the displacement accompanies _eddy 
eurrent loss. Ifthe velocity is essentially ruled 
by the accompanying eddy current, the excess 5 
(H—H,)41 will be wholly changeé Skt 


into the. eddy current loss. 


energy Em = 
A theoretical, formula 
for eddy: current loss EL. dissipated i in the specime 
by a magnetic domain boundary displacement with os. 


\ ape } rel 
AY. anta'(4 TV ; 
SUN aie | eee Y br 

In this formula a is the radius of the wire. 


, 6 the ene resistance ‘ohm em. The speci 


velocity Vons and 4 are shown in column 5 and 3 
in the Tables I and II. As they show, BE: is cor 
siderably small compared with’ the difference of 


* Strictly speaking, the measured velocity 
only an average over wide range along the wire . 
It is also possible to assume that at low average 
velocity the boundary makes an irregular motion Res 


in-the wire and the actual velocity varies from can 
point to point along the wire. Basing upon this 

assumption microscopic eddy current will be sup- 
posed to be accompanied with boundary displace-. oe 


‘ment even by vanishing average velocity. However, 


it will be concluded that even in this case the follow- 
A de-- “i 
tailed discussion on this point will be given by 
Katayama in this*journal. 


ne ‘Table III. ‘Specific esistance. 


* p(x 105) (ohn cm) 


1.49 
2.62 
‘979 
4.17 


by the wietackitont velocity. 


mount (H—H,)- I be lege. consumed by 


in Tables I and II. In these tables 


hat the calculated values are exceed-— 


than the observed values. 


Alter- ° 


speaking if one assumes that the energy _ 


cornpany ine eddy current’ as well as 5: ‘the direct 
energy exchange. between the spin of electron. and 

the crystal lattice even in conductive ferromagnetic — 
media. In the case of boundary displacement in 
a perminver wire, the latter proved to be the main 7 
factor for specifying the displacement velocity of — 


‘the domain boundary. 
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jump being of the order of micron. Later 
cker and E. Vrowan(*) studied the same pheno- 


on single crystals of zine they photographed 
ess-time curve magnifying the elongation 


60 times and found that the average duration 


: 


tok jump was of the order ‘of second « at ‘the room 
ote 
temperature and was of fraction of second at 70°C 


“or 80° C. E. Schmid and N. A. Valouch“ studied the 


tensile test of very pure zine. Single. crystals, and 7 


found that the discontinuous jump oceured when 
- the slip plane was declined to the tensile direction 


more than 60° and the individual jump was fr m 
a few micron to: ar maximum tending to 8 ) mica 
Later these Phonomena were Seely by f 

SY 


1950) ponte 


-§2. Experimental Procedure. 


The tensile testing machine used for this ex- 
periment is shown in Fig. 1. The pulley R was 
driven by a d.c. motor and the specimen was 
elongated at constant speed. By changing the ro- 
tating speed of the motor the tensile speed could 
be controlled from 2.5 #/see to 10 p»/sec. To me- 
asure the load of the specimen, we used the bend- 
ing of a flat spring S, which was supported by 
two knife edges set 10em apart and at the middle 
of this spring a loading rod connecting to the spe- 
cimen at another end was hung by a knife edge. 
The bending of the spring was observed by a 
mirror M attached to the end of the spring, using 
a lamp and a scale. 

When the load increased or the discontinuous 
jump happened, the spring bent or relaxed. To 
record exactly this displacement of the middle point 
of the spring we used a extensometer of electric 
capacity type. Two brass cylinder a; and a of 
diameter 10mm and 8mm facing each other at 
distance d were used as a air gap condenser, where 
a; was attached to the upper head of the loading 
rod and a, to the under part of the pick-up P. Thus 
the capacity varied as the spring bent or relaxed. 
The pick-up P could be moved by a micro-screw 
in the holder H to keep d in a definite range. The 
connecting diagram of the pick-up and the ampli- 
fier being shown in Fig. 2 where the output was 
connected to a electromagnetic oscillograph and re- 
Whithin a 


certain range of d the output voltage was almost 


corded by a long recording camera. 


Discontinuous Elongation of Al Crystal. I. 61 


ees Lae 
oS ci | R 


iasom 
| 


Uirkegs wale 


proportational to d and the ratio between the de- 
flection of the oscillograph image and the change 
of d could be controlled from a few hundred to 
20.000 continuously by regulating the variable con- 
denser of the amplifier, but we used the magnifi- 


cation of 6,000 to 8,000 in this experiment. The 


Pick up 


pall tt 
; | : Out put 
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oscillogram thus obtained represents a stress-time 
curve and at the instance of discontinuous jump 
it represents the decrease of load and the elonga- 
tion of the specimen if the duration of a jump is 
qaick enough compared to the tensile speed. 

We used four kinds of spring given in Table 
I, where h is the thickness and b the breadth of 
the spring, @ is the amount of displacement at 
the middle of the spring when 1 g weight is loaded. 


Table I. 
No. hmm bmm apy 
1 | 162 10.05 0.29 
2 | 2.40 12.0 | 0.072 a 
POGh coset. 12.0) "50,088 
4 | 3.93 12.0 0.0165 


| 
a nl 


The natural frequency of the oscillograph vi- 
brator and the spring was above 1,000 cycles and 
the friction at the knife edges was thought to be 
so small that the accuracy of the time measure- 
ment was 1/1000 sec. 

The size of specimen was 1mm in thickness, 
3mm in breadth and 50mm in gauge length. 


The chemical compositions were as Table II. 


Table II. 
No. | Chemical Composition 
1 S900. 98AL tree an 
2* 0.16 % Si, 0.16 % Fe, remainder Al 
es. || No. 246%.2n 7 
‘ae No. 2-410 % Zn 
5 No.2+19 Sn 


* No. 2 was commerical aluminium. 


By recrystalizing method we prepared the speci- 
mens of single crystal and coarse grain polyerystal 
and we determined the orientation of single crystal 
and bicrystal by X-ray Laue method. 


§ 3. Result of Experiment. 


We first studied the tensile test of commerical 
aluminium specimen under the condition of tem- 
perature 200°C, tensile speed 5 x/sec and using 


spring No. 2. ‘The stress-time curve in case of 


(Vol. 5, 


polyerystal was quite smooth as shown in Fig. 3. 
The stress time curve of single crystal is shown 
in Fig. 4. When the stress exceeded the critical 
shearing stress the carve fluctuated and the flu- 


etuation continued till the elongation become 10 %. 


ery ee 
fa 
3r 

j 

2 |. 

: | 
Fb 3 | 
o + am ahh ee piss 

a es ee ee ee 
Ss 4 3 ste es 7 O 
Sec 
Fig. 3. 
fA 
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Fig. 4. 


We tested the specimens of differently orientated 
single crystals, but the results were all similar. 
The amplitude of fluctuation was less than 0.5 x4 
and the drop of load was not so quick as to call 
it discontinuous jump, so we neglected this pheno- 
memon in this experiment. In the case of coarse 
grain polyerystal the curves were quite different 
and one example of them is as follows. We photo- 
graphed the stress-time curve of a specimen con- 
sisting of four crystals by a long recording camera 
from beginning till the elongation reached to 15 9. 
The curve was quite smooth when the stress was 
under critical shearing stress, but as soon as it 
exceeded critical shearing stress the discontinuous 
jump occurred as shown in Fig. 5 and repeating 
these jumps the load increased as a whole. When 
the total elongation exceeded about 10 9% the dis- 
continuous jump ceased to occur and the curve 
became smooth, only a few jumps occurred in 


groups several times till the elongation reached 
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oO 
See Pe rian noe ale O 
| SEC 
Fig. 5. A. Elongation 8 9. 
Ob ae 


Fig. 5. B. Elongation 9 2%. 


to 129. We counted the number of jumps and 
measured the magnitude of each jump and express- 
ed as follows. We classified the range of elonga- 
tion of specimen into the interval of 0—2 %, 
Deas 4 Wino iste and counted the number of 
jumps N and took the mean value of magnitude 
of jumps 4 in each interval and tabulated as Table 
III, where the interval 0-2%, 2-3%, 3—4 %, 


measured in unit of v4. 


Table II1. 
Pao eS 6 TB 9 10 
N|8 57 64 89 94 96 104 51 46 26 


As leGueledeede2) 1-3) 1.3--1:0'2.0.9) 0:9. 0.8.0.7 
————— 
o 


The fluctuation of the magnitude of the jump 
in each interval was as shown in Fig. 5. ‘The 
total number of jumps N; was 635 and the total 
elongation by the jumps was 680.6 “ and the mean 
magnitude of jump 4,, was 1.07 u. Similar results 
were obtained by other specimens differing to some 
extent from specimen to specimen and as extre- 
mum cases we got N; = 880, 4,,=1.10 u or N,;= 
470, 4,, = 1.22 » but in those cases the distribu- 
tion of number of jumps in each interval of elon- 
gation were similar. In the experiments of Part 
II we did not photographed the stress-time curve 
continuously from beginning to the elongation of 
15% but photographed only about 30see at the 
beginning of each elongation stage of 2%, 3%, 
Bieeete and took the number of jumps N in 10sec 
and the mean of the magnitude of these jumps 
4. When the tensile speed was 5 u/see and the 
gauge length was 50mm the elongation in 10sec 
was 50 v and this corresponded to the elogation 
of 0.1% so this N corresponded to 1/10 of that of 
Table III. We repeated the experiments a few 
times under the same condition using different 
Specimen and picked up a typical one, so the data 
is thought to be fairly reliable. 
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§1. Introduction. 


In the first report we described the experiment- 
al apparatus and an example of the experiment 
and confirmed that the discontinuous elongation 
of aluminium occurred when the specimen of co- 
arse grain polycrystal was used. In this second 
report the results of detailed experiments of this 
phenomenon will be described. 


$2. Effect of Spring. 


It is well known that the results of tensile 
test are affected by testing conditions, so we first 
considered the effect of testing apparatus. As ex- 
plained in the first report the testing apparatus was 
of the usual screw-and-spring type; one end of 
the specimen was pulled by screw, the other end 

being connected to the center of a flat spring. 
Bending of the spring produced the load while the 
displacement of the center of spring was the me- 
asured of load. When the specimen elongated, the 
spring contracted and the load could not be kept 
constant. So the effect of spring was first ex- 
amined. We tested under the condition of tensile 
speed 5 “/sec and temperature 200°C. The result 
is shown in Table I, where we have calculated the 
stress decrease at the jump by the Table I of the 
first report and represent it as 4, in unit g/mmi. 
From this table we can see that N and 4, incre- 


~ ases, 4 decreases with increasing strength of spring 


Table I. 
Spring No. 1. 
me ie 2 Sd Be Seka cae 
Balas. 40). 41,61 a voluanen amen 
a | 86 3.7140 28 26-25 28.95 
A, 4.1 4.2. 4.6 3.2 3.0 2.9 3.2 2.9 


Spring No. 2. 
PRTG we kare pedis 
Noe (8B Bo 29-9 PAO” 10 rae 
4 | 4 11 18°18 1.0 09-09 0:7 
4, | 65 5.1 6.0 6.0 46 42 42 8.2 
Spring No. 3. 
2 oe a pata Tig areas ware 
W..-| taeda iowa eo ees 
Do 4008 O29 0 0 
4, |: BARB 7.0 P88 BBO ees 


Spring No. 4. 


SM eo NO Diary Cee oe ee Be 
REN NG 6.5.4, 20 oe ee 
4 06° 0:6 0.67.04. eee 
4, 13) 1 1d “50 ae eee 


and Nx4 is, roughly speaking, independent of 
strength of spring except the case of spring 
No. 4. In the following experiment we used the 
Spring No. 2. 


3. Effect of Tensile Temperature. 


7A) 


As described in the first report the disconti- 
nuous jump is closely related to temperature and 
especially M. Classen-Nekludowa found in her creep 
test of aluminium that the discontinuoas jump oc- 
eurred from 450°C to 550°C. In our experiment 
the discontinuous jump was observed above. 100°C, 
and under 100°C the stress-time curve fluctuated 
but no jump was found and Above 350°C the jump 
did not occur and the stress-time curves were very 


smooth, The results are tabulated in Table II. 


‘of jump 4 is the greatest at 100°C and become | 


~ 


“Table IL. 


Discontinuous Elongation 


y Tensile speed 2.5 /see 


af Al Crystal, II. 


Table III. 


Se RPE R te biG. Gee ND 


: es ea 


BU4ene de Babs ep tis we 


WB We ibe ty lo 68 
Pag (ol, 0.9) 08 Ld “1.2 8 10 
350°C | 
CA Bs Ok Ci Sep gee Bag. 
oN Fad ee 


4° | 08 06 0.8 ie! Oli 


& From this oanlt we ‘see - that: the apegratade 


_ gmaller as the temperature become higher while 


the number of jumps is* almost equal between 


_ 100° C and 300° °C. At 350° C it suddenly decreases. 


§ 4. Effect of Tensile Speed. 


: tensile temperature 200°C. and result is shown in. 
Table IIL. 
_ used N as the number of jumps during the elon: 
; gation of 1/10 %, so the time interval ‘necessary 

corres- 


for this elongation was 20, 10 and 5 sec. 


Jess reliable. 
the tensile speed becomes. slower, jumps occur a 


The effect of tensile speed was tested by using 
the tensile ‘speed of 2.5, 5 and 10 4/sec under the 


As described in the first report we 


ponding to the Ue ea of 2. 5, 5 or 10 Hise 
respectively. . 

_ In case of tensile speed of 10 [sec some: fluc 
Gui he were seen in the. stress- time curve and 


gmall jumps were some times indistinguishable 


from~ fluctuations. so ihe result in this case was 
We can see from the table that as 


- little more frequently and the magnitude of jumps 


_ becomes greater. 


bouring erystal affects the. character of grain bou 


a 


Wire PAO 10) 2Be <8") 1014 2 ee ae 


ATG Pa 9.4 9:4 931 es Tee 


Tensile speed 5 4/sec 


% Bg nat Bt Bo NT ORC (Sea 


4 0.9 12 08 0.7, 0.9 08 08 0.7 


§5. Effect of Difference of Orienta- 
tion mt Each Syed in Bie 


of neighbouring erystal will influence the ioe ame 
tinuous jump. For the relative orientation of neigh- 


dary") and the relative direction of the slip plane 


and the direction of slip of neignbouring erysta 


“ eo Table IV. . a Xe 

1. % ='83°, % = 82°, x= 115", A = 40°; 

ri ag 48°, B= 198° igh 
Bee BOB ay SB 6 Fee eee 
ei i) Bags 50) 9 9 10 S, ahdgal 
4 Gt 11 14 14 15°13 11 Be 


i. 
ter Fifa soe % = 40°, 


Resors 
B= 2 


Laan, 


% 287°, % = 85°, 0 44" a SO, 


A, = 39”, B = 164° 


% o Bees eo 6 eer as 
ON S| Ne SN 1d 15 10. 100 BB 


PAS LE 10 1d eae 16°19 0a 


ous grain size we found the ‘minimu 
follows; one erystal grain erossed the ‘specimen | : 
and its length _was about 3mm or equal to the 

breddth. of specimen and the existence of 2 or 3. 
of such crystal grains was necessary for the oceur- 
rance of the jump. The result of experiment of — 
such specimen under the tensile speed of 5 x/sec $ 
ie tepmporetebe 200°C was shown in Table Vv, 1. 


affect the deformation. "Since oe ot 
peersatal we could not control the ate orienta- Mt 


Table Ve 


No] By 9 9) Ws 9.1007 BBs 


Soa LT 18 2.0 16 17 19 19.19 1619 


Vv 


a [oa 4. Bale 2 8 48) 10°11 a as ;| 


N| 47 8111 2 14 12:10 8 9% : 
eee ne crs teh ea containing parce of A | 26 1.8 2.6 3.4 84 2.62.11.718111411 © 
the specimen and the direction « of ‘maximum : ? 


ype. of the slip plane. ° "In this ease 4 was a little reaver compared with » 
| pores between two ra of the neigh: the tricrystal or quadricrystal and jump occurred 
- till the elongation reached to |12 26 or more, vat 
one specimen jump occurred till it was cut at 15 Yu 

Now when we pulled the coarse grain ‘poly- 4 


erystal the. distortion wear the grain ‘boundary- 
ceased to happen. at the early stage of the elon- a 
gation’ and after that time the distortion was main-- q 
ly observed! at the part far from the grain. boun- 4 

” dary ‘and the discontinaous jump ceased to occur / 

- at about that time, while in the above cases” the 
distortion of the specimen oceurred severely i in the 3 
Its for only one specimen, so ier are » less _ larger crystal part and during pulling specimen ‘the: 

" VI, 1 the result is almost similar to distored larger erystal_ was ‘eradually: elongated 

: and distorted very 3 near to the grain boundary nnt | 

y The, faet that the result of bicrystal is almost at last the specimen was cut at this. part. Th 
ilar to that of tricrystal or quadrierystal is; ‘it seems that the distortion near ‘the grain ‘oun . 
, h noticing and we treated this problem in dary is necessary for the occurrence. of the diseon- 4 
ip IV, 2 when the relative orientation was timuous elongation. — a ; 


As the special form of grain boundary we used: 4 
‘a bicrystal in which grain boundary ran longitudi-- 
cH t . nally about: a quarter of specimen and ‘there it. 
went to one side. ‘The result is shown ‘in. ‘Table 
ae VE: In this case, too, 4 is grater than that in 
$ no discontinuous jump occurred in poly- the usual case and the _jump_ continued ‘to oce 
1, we sought the minimum size of crystal grain till the elongation reached 18 96.. Inspecting the : 
eh jump occurred. Testing specimens of vari- specimen we saw that ‘the elongation of the sp 


einiber of j jumps ment mae hes of j jumps : 
ter than IV, 1,. ‘ 


- os riper 


4 1950) Discontinuous Elongation of Al Crystal, II. 


men cecurred not only in the main 3/4 crystal part 
but also in 1/4 part where grain boundary ran. 
Thus we see that the number of jumps incre- 
ases not in proportion to the number of grain 
bonndaries, but increases only a little when the 


number of grain boundaries increases. 


§7. Duration of Jump. 

To test the duration of a jump more accurate- 
ly we photographed by increasing the rotating 
speed of oscillograph camera and the example was 
shown in Fig. 1. 

As described in § 2 of the first report the appar- 
atus follows truly up to 1/1000 sec. The result 


pia ae eeatranaeeenein 
% 10 to Mo sec 
iifegs” ile 


was as follows. (1) The duration of a jump was 
quite at radom and the shortest was 25/1000sec 
while the longest was 80/1000sec. (2) The dura- 
tion of a jump was quite independent of the ma- 
gnitnde of the jump. For example, we observed 
as an extremum case a duration of 40/1000see for 
a jump of 2.4 4 while 55/1000 sec for a jump of 
0.8 w (3) It was also independent of the testing 
conditions such as spring, tensile speed and tem- 
perature. 

As seen from Fig. 1 a jump begins and ends 
rather suddenly and daring a jump the load de- 
creases almost linearly with time. This result 
seems to differ from that of R. Becker and EH. 
Orowan where a jump began suddenly and ended 
very gradually| and duration was very longer. 
Their experiment was the creep test while our ex- 
periment was the tensile test and the specimen 
was always pulling so the trailing of a jump should 
never be Seen in our photograph. Thus it cannot 
be said that our result differs from the result of 


-R. Becker and E. Orown.’ 


lor) 
<j 


§ 8. Effect of Purity and Alloying. 
(1) 99.9926 Aluminium. Using specimen of 


99.99 % aluminium, we found no discontinuous jump 
whatever tensile condition we tested when we 
used single crystal, polyerystal or coarse grain 
polyerystal specimen. From this result we know 
that the existence of some impurity is the necess- 
ary condition for the occurrance of discontinuous 
jump. 

As the limit of 


solubility of zinc in aluminium is approximately 


(2) Aluminium-zine alloys. 


18.5 %, the alloys of aluminium containing 5 and 
10 % of zine are in the state of solid sloution and 
these alloys deform like aluminium@). In these 
alloys the discontinuous jump occurred also in the 
coarse grain polycrystal only. The main difference 
between zine alloy and commercial aluminium is 
that the temperature range for the occurrance of 
jump is narrower for zine alloys, that is, in 5 % 
alloy it was between 100°C and 200°C while in 10 7 
alloy it was between 150°C and 200°C and the re- 


sult is shown in Table VI where tensile speed was 


5 z/sec. 
Table VI. 
1. 5% zine alloy 
a. 100°C 
% a 3 4 5 6 ¥ 8 9 
ee Le ar eee ee eee 
A Tee ON One ao dS er 
b. 200°C 
% 2: 3 4 5 6 ‘i 8 9 
N 5 4 8 3 37 
y ie ee epee 
2. 1026 zine alloy 
a. 150°C 
% 2 3 4 5 6 7 8 9 
N SU Ae. Dee) lO) a 
vic Ceivece eet re cer pena. 
b. 200°C 
A ieee = 6 8 8 
ON eee ee ore Geer ea ee 
Meee oviyets 17 08) 
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From this table we see that the jump ceases to 
occur at 7 % elongation and the number of jumps is 
less than commercial aluminium but the magnitude 
of jump is similar to that of com nercial aluminium. 
In a word the occurrance of discontinuous jump 
became difficult when the percentage of zine which 
is soluble in alminium increased. 

(3) Alminium-tin alloy. Tinis almost insoluble 
in aluminium and alloy of aluminium containing 17 
of tin becomes eutectics, In this alloy no disconti- 


nuous jump occurred except a few specimen in 


(Vol. 5, 


which jumps were found several times. Thus we 
know that a small amount of insoluble impurity 
which is contained in commercial aluminium is ne- 
cessary for the occurance of jump but insoluble 
impurity of the order of 1% hinders the occur- 


ance. 
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In this third report we will discuss about the 
results of experiments. 

E. Orowan, F. Seitz and T. A. Read and C. 
Zener discussed the cause of discontinuous elon- 
gation or the mechanism of occurrence of avalanche 
of dislocations in the case of single crystal. Dis- 
continuous elongation occurring in our experiment 
differs in some respects from those found by M. 
Classen-Nekludowa, R. Becker and E. Orowan and 
E. Schmid and N.A. Valouch. They found the 
discontinuous jump in single crystal of pure metal 
while in our case the jump occurred not in single 
crystal but in coarse grain polyerystal specimen 
containing a little impurity, thus it may be natural 
to connect the grain boundary and impurity to the 
cause of discontinuous elongation. ; 

The character and constitution of the grain 
boundary are discussed by many authors and 
according to B. Chalmers“) the grain boundary 
consists of transitional lattice while the result of 
experiment of T’ing-Sui Ké@) show that the grain 
boundaries in polyerystalline aluminium behave in 
a viscous manner, but at any rate the atomic 
arrangement at the grain boundary may be irre- 
gular. According to F. Seitz(°) when a dislocation 
moves to the grain boundary and hits on it, it 
would be difficult for the dislocation to move 


through it. And when a dislocation is stuck at 
grain boundary, the atomic arrangement there * 
will be distorted and in the presence of an applied 
stress and at sufficient temperature the atomic 
arrangement at the grain boundary will change, 
for the atoms there are thought to be more mobile 
than in the crystal. As the result of this atomic 
rearrangement many nucleations of dislocation 
will be created on both sides of grain boundary 
for the width of the grain boundary is thought to 
be of the order of five interatomic distance. Ana 
in the presence of an applied stress they will start 
and grow to full line dislocations. 

In this case it may be natural to suppose that 
the applied stress mast be large enough to cause 
the atomic rearrangement and let the created 
nucleation start and grow. Moreover it is neces- 
sary that the started dislocations can move freely 
and do not hit on another grain boundary or the 
specimen must be a coarse grain polyerystal. 
When a jump occurs the stress decreases as we 
used the apparatus as described in the first report, 
and when the stress decrease to the magnitude 
that it cannot make the nucleation of dislocation 
start and move, jump will end. But we cannot 
say definitely that a jump ends after how . many 
dislocations have moved or after how much the 


-« 
= 


ied cates has “decreased. For example at the 


=e jump decreases and this may be explained consider- 
ing that a dislocation become unmovable as the 
» work hardening the specimen proceeds. 


the case of aluminium containing a little impurity 
a and when the apparatus as described was used. 
In the following ‘we will discuss the results of 
_ experiment with these assumptions. ; 

_ In §2 we find that Nx 4 is independent of the 
a "strength of spring, i.e., 4 is proportional to 1/N 
or time interval between jumps. As shown in 
Fig. 5A of the first report the stress increases 


rapidly soon after a jump ends, and when it 


recovers large enough to cause the atomic rear- , 


- rangement at grain boundary and let the created 
nucleation start and grow, the next jump occurs. 


The recovering speed of stress depends upon ‘the 


~ testing ‘condition’ such. as temperature, | tensile - 


c. speed, etc., but may be independent of the strength 

of spring ; so the time necessary to recover is 
y roughly proportional to the magnitude of a jump 
or the magnitude of a jump is proportional to the 


time interval. 


The ‘character of grain boundary may be 


S ‘influenced by temperature. 
yg “was observed and this fact suggests that the 


character of. grain boundary ‘may change at about . 


this temperature. 
-- In §4 we find that the magnitude of jump 


~ becomes greater as the tensile speed becomes 


slower. As described in §7 the mean duration of 
4 i a jump is about 5/100 sec so the elongation of 
_ Specimen during a jump is about 0. 125, 0.25 and 
~ 0.52 corresponding to the tensile ree 2.5, 5 and 
104/see meepscbively. therefore we can expect that 
dd ‘differs 0. 12h for the tensile speed 2.5 and 5/sec 
and 0.254 for the tensile speed 5 and 10z/sec as 
the effect of duration, but the. above result shows 


the difference of about’ 5 and 10# and thus this . 


- result cannot be 2 vaplnines by the effect of duration. 
As to. the ‘number of jumps we see in §4 that 


when the tensile speed becomes slower the magni- 


; “tude of a jump: becomes greater, so from the 
former discussion the number of Jumps should be 


- less for slower tensile speed, but the result/ of i 


experiment shows that the number e jumps for 
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elongation stage of about 10 % the ‘magnitude of a 
‘speed becomes half, the speed of recovering of | 


These assumptions may be adaptable only to ._— but it is more than half. 


stress after a jump has ended is equal to the 


locations would be a. ceUREt there, thus the ‘number 


of a at the aenes must be large enough as 
Above 350°C no jump = _ 


jumps will not increase. though there are ma: / 


ae Bingation of 1/109 of* specimen becomes Fe ae 


_ little more great when the tensile speed becetnens ae 


slower. This fact means that though ‘the tensile oa 


stress after a jump has ended do not become half 


And the recovering of : 


increasing of stress when we pull the specimen 


after it has been work hardened so in ‘such case 


> the speed of recovering of stress may not become — = 
half though the tensile speed becomes half. o 


- We find in §5 that when the orientation of 
neighbouring crystal is nearly equal, the number 
of jumps is very few and the stress-time curve i 
just like Fig, 5B of the first report, 7. e. , the jump 


does not oceur successively. According to. B. 


Chalmers) - the atomic: arrangement. on grain 


boundary is rather regular in a a ease, 50 


through the grain boundary and only a ‘few “diz 


a 


avalanche of dislocation: Thus the number" 


grain boundaries. in a specimen and the number 
the. stuck oer Decomics ee 


of grain boundary and crystal where feet jump i 
occurring. ey 
In conclusion the author wishes to express ahr 
hearty thanks to Prof. S. Kaya to Tokyo Univer- — 
sity for his kind interest in this work. ee 
4 : / = f 
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and two getter plates.1 were heated to ‘darke-red br 


tay HH. F. bombarder nit aghe® times before the ap 
getter acts as a iia of pump, in\ manu- flashing. f hace“ 


of vacuum tubes, making possible their = In the second getter. chamber G., a small mica : 
uction, while: it acts as a keeper during piece of 3x1em?, is. ‘mounted 2em apart from 
absorbing gases released from various getter plate. Some amount, of evaporated barium | 
hd tube. In spite of such important’ is condensed ‘onto. the mica piece. which is’ used te 
: only a few studies on the gettering “measure the resistance-of the getter mirror.» Both 
ve os Hees sae ae of ends of the mica piece are silver plated and tightened 
through gold foils by thin nickel sheets to. whic 
the outer leads were welded. rh ee yee: 
The second tube V isa glass bulb of about 
100¢ ee with three small glass t tubes Ty Faand Te 


oe 4 sit Awad ¢ oat from Tt oral T, for. several ate 
yah asa to replace ai, in. the > bulb by oxygen, a 


After air in Vv is replaced thoroughly 

4 
oxygen, the end of the capillary was pushed 
slightly outside of bs Be ands it was s broken Bi) ; 


a Pyadtige: 


‘schematic diagram of the apparatus i 
in Fig. 1. It is divided into two parts, one 


. After several 
a et Gi was. tipped a at S: ‘and then?) 2 calibration ‘of the. capillar “y followed the - th 
described in the next tas os Soe eh eS 


. ‘ 


. Gaye of clad setter, the rapid 


xperiment. ‘was, 


hee ‘room Sleds and after a series of 


ee Curve. i 


‘Even when oxygen begins» to ‘be introduced, 
the: pressure is, in general, kept almost constant 
for: a rather\ long time. 


- Precisely speaking, how- 
It 
takes from Several minutes to several: hours to 
Such 
pressure change as shown in Fig, 2.is the most 


ever, it increases, very slowly, in many cases. 


observe the rapid increase of the pressure. 


“prevent the bodatiort ‘of the . 
in general, carried 


pressure 3 : 
wis woe fb om 8 ON OO mH, 2 


Fig, 2: Typical pressure and conductivity 
corves,. : ve 


eanilae) u, is smaller than v, that absorbe: . 


+ 


the getter, the: Reseete is kept constant, and 


> typical one, 
‘ frequently, 


It the amount of as introduced Biroveh the | 


encountered in experiments _ most 
Even at the. final stage of the rapid 
5 pressure increase, the getter has still an intense — 
absorption ability ; when the capillary is sealed, 
a the pressure decreases. rapidly to the original value. 


Table ale 


the condition «= v. 


The length of oe, desig 
bY T in oe ch hea is supposes simply to 


and the structure of the getter mirror, ee 


| tesistanec oe amount of temper- Fisihge ; uM Q 
eld ey ees eaolfmsiey ; Co) (min) |(min)| (g). (mol/g) 
IO Te pate Ae vB eda ee ay 
PH 624 Pp ee 1:6 14.0: — ~ 
210 | )9.4x10-8) 18 | 124. | B.A 3 eat 
ua 2s JP ae TO eee 27:3-| = a fafa 
- = C nae: - 10.6 — ~ —. 
19. “0.002, Nea ae 601 SBR A ae Oey eae 
7.2 [000141 500-8 85.4.) 90 | 0.0026 | 2.9x10-* 
95} 00014 | 5.0x10-8)~ — . |’ 62.5.4 20 |:0,0025: }1.8x10-3 
1,500 | 0.0006 | 5.0x10-8§) — 8.6°%-1 | 0.0005 8x 10-4 
_ 1.0 | 0.0094 |2.9x10-7) 14 18.4 | 13.7 | 0.0127 | 8.7x 10-4 
0.88 | 0.0098 | 5.0x10-8} 14 | 220 | 220 | 0.0085 | 1.1x 10-5) 1 
1.6 | 0.0041 1.5x10-7/ 14 | 24.1 | 25.6 0.0011 | 8)8x 10-4 
70.0 | 0.00382} 2.7x10-7) 14 36.3 | 46.0 | 0.0030 eet 
-11.0- | 0.0988 | 2.7x10-7/ 14 |. 26.2 | 32.9 | 0.0025 | 2.2x10-3 
9.0 | 0.0019 |} 8.5x10-8| 14. | 14.6 | 18.9 | 0,00035 |6.0x10-4). 
80,7 | 0.0041 |8.5x10-8} 14 14.2 | 15.5 | 0.00089 | 8.0x 10-4 arial ancient 
we fs ; : ie in. pressure curve, 
i ; rapid increase of y 
Fees ee | resist. in the ini-v © 
4.2 |0.0018 8.5x10-*|- 14. | 7.8 | 0.6 | 0.00025 “| 4,8x10-4 tial stage 
44.0 | 0.0025 1.0x10-7) 88 | 112 | 96.5 | 0.0058  8.5x10-8 ; 
0.7 | 0.0013 /1.9x10-7} 50 | 85. | 0 | 0.0018  5.0x10-* ; 
lag.5s'| 0.0088 |1.9x10-?) 80. a t7<| 4 | = -/8.9x10-| 


ig. 8. _ Pressure and resistanée curves 
of heat-treated aca d 


re ¢ : curves. ; 


2 mbe ae baked at 350°C for 30 minutes. The s 
curve has a sharp ‘maximum, ‘but the - 


en ae rise of) iat aihed wall being 
| by evaporated barium. 


‘ig. 4. Pressure curve of heat-treated 
’ getter (air) So aie 


of 
300 bmted 


The most remarkable a ‘anoma- . 


i deg sides of the maximum is almost — 


It is found in’ 


_ is tne conductivity of the mirror and subs 


remarkable tees upon. Tv. AG? 
Another example of the heat treated getter is 
in which dry air were | 


reproduced in Fig. 4, 
introduced. The curve (1) is the pressure ‘change | 
of an untreated getter, while (2) and (3) are curves ; 
for the getters heated for 20 min. and for 80 min. at 3 
350° C respectively. In spite of the same capillary 
being used, 7 differs largely. Although there is , ry 
fluctuation caused by uncontrollable flashin ; 3 ; 
conditions, such large difference in T is to b 3 
attributed to the structure change of, the getter 
- Differing from. oxygen, “however, the | 


‘mirror. 
‘pressure begins to inerease much, sooner, without : 
any bump, as the time of heat-treatment is longer. ’ 
- Such difference in the pressure curve in both kinds - 
of gases will be diseussed in the following. 


Now the total amount of oxygen, absorbed by 4 
unit weight of Pee in T min. is repeeiatee ee | 
sass sT- ete 


paeel eel 


Nee Mrs 4 j : 
i 4 Ww’. 


ete Ww. is the ‘total cei’ of igottons 4 and ry 5 the : 
amount of. oxygen through the capillary. Q is als 


given in Table I. With several exceptions iti is found 


“tg 


j to be almost the same order. at a constant tempera- = 


ture, independent of the amount of barium and ‘of 
the introduced gas, supporting that the structure 
of the cette mirror is the most Teepe facto 


paviees fiche s and thus another factor ¢ to deter- <4 
mine Q is the temperature of ah mirror. ee 


ry 


* o 


§ 4. Candanuenen 


The most typical change of tha: cout . 
is shown in Fig. 2, ‘in which (4.2) /09 is plotte 


0 shows the initial carsel © Assuming th 
thickness of the ‘mirror is. “uniform 
(4—2)/4, represents the ratio, of the. thie ess, 
Paes layer. to that of ‘ initial layer. | | 
“At first. the- Sey, femains neh 


> 


this region is not alwaya. gaat Riba ; 
‘Then (4,—2)/o, begins to increase’ rather _ 
with a comparatively. large velocity, an a 
followed a by. a ene. slower: iustaone (uD. c 


iat 


2 ay) When the radank of the Alsshed. getter is‘so 
~ small that the resistance may be larger than 1 0002, 
‘the constant part of resistance decrease remarkably 
Pond for the still smaller quantity they do not 
4 appear at all, showing that. the structure of the 
_- mirror is not uniform but granular, because very 
Bi thin film of bariam connected between’ granules i is 
¥ “oxidized to lose the conductivity. 

. In several cases the conductivity changes 
: “discontinuously. The most remarkable one of this 


kind is seen on the heat-treated getter. Besides 


the ordinary discontinuity marked by kin Fig. 8, 
3 a sudden decrease of the conductivity is observed 
_ just at the beginning of the hump in the pressure 
am curve, suggesting that both phenomena are caused 
by the same effect. The sudden change of (¢,—<)/o, 


4 . means, the ‘discontinuous change in the oxidation 
velocity, which seems to be attributed to the — 


-dtopping-off of the oxide layer or the development 
of cracks in it to expose fresh el barium to 


_ oxygen atmosphere. Similar phenomena have 


latter of granular one. The structure of the getter’ . 


combination with introduced oxygen up to o/s, = 10-3 Re 


3 


mirror seems. to be dependent largely upon the ae: 
flashing conditions, as predicted from the electron a 
diffraction studies on the getter mirror by Yama a 
guchi and Ichimiya. (4) 

The total amount of barium consumed for the 


is shown by M in Table ES Migs the mirror’ is of | ee 


eae 

uniform thickness everywhere, M must be equal. - We 
ots 

to the total amount of barium.. In many experi- e e: 
» mental results, ‘however, both ‘quantities do not 4 


\ structure of the mirror. 1 cara ais 


already. been observed in the ease ‘of oxidation of E 


copper at high temperature. (8) 


F i = ah 


in the 
‘3 


icro-ammeter 
e @ 


‘ 


pig CEES 
~— deflection of mi 
bridg circuit 
Pies Nea 


Dake A'S = 10 ae 45 20 (min) 


Fig. 5. Local difference of the 
_ getter mirror. ‘ PE 


g structure” as mentioned in the following is also. 


observed. 


“em and 2. 5 em respectively apart from the getter. 
- plate and on these foils the getter mirrors * were ° 


bs ED fosiied:- Introducting air. through the. capillary, 
both the pressure and resistance were measured, 
Although both 


\ 
initial resistances are almost equal, one remains 


whose results are shown in Fig. 5. 


pays almost unchanged. during the introduction of air, 
4 pode the. ‘other’ changes distinctly. Probably: the 


% 


former, is of. almost’ uniform structure and the 


i 


"Sometimes such ipeal, non-uniformity of the 


Two thin mica foils were mounted 1. 5 


_ after the complete oxidation of thin film connected a 


'mmig 
10 


"pressure 


.t in the granular structure because each isolat: 


eoincide with each other, : disproving eRe uniform 


§ 5. Correlation between Pressure and | 
Resistance Curves. yeah ao ae 


constant resistance part, ¢’ is defined BEG ee 
e in the pressure curve. These values designat 
by ¢ are given in TableI. T must be longer t ane 
granules have still strong absorbing power ev 
granules. In eight experimental tubes" fi is almost 
equal tot. In only two of these eight tubes, inclu 
‘ing heat-treated one, Mi is smaller than M/ the tota 


amount of bariom, and in seven tubes ¢ is- mu c 


presented in Fig. 6. 


20 
comin) 


* ; / a 
Fig. 6. Pressure and conductivity curves. 


The heat treatment acts to diminish the . re 
porosity of the mirror and thus to decrease its si" 


true Surface area. The appearance of .the hump 


-in the oxygen pressure curve of the heat-treated 


getter is due to the following mechanism: So 


Ke the aint of | ibsorbe b 
large that the thin layer corinected be 
granules may be oxidized completely (refer. to 
8), the surface area decreases gradually, result 


te) fa @. oxide 


Fig. 8. Grannlar structnre. . 


in the simultaneous increases ‘of the pressure and 7 

again ‘and at thé same time the oxidation the resistance in the region IV, encountered in 4 
‘that is, the type of the paratiog oe caine "many cases. The surface area A can be calcalate 
ae . from the following formula: 5 ass 

vy . Amp Axo %-—o . © 
RAPER RMS GER EE Sor 0S 
bing ability ‘and Jakes the. pressure i meee 3 Rebel 
Where v represents the total volume of a Sook 
mental tube, 2 and 2 thislmnesses of the origin 
barium layer and of the oxide. layer respectivels 
p and N the density and the molecular weight , 
barium oxide, P standard pressure and L ‘Lose 


-midt number. Differentiating. and rearran; 
§ 


st— 


much earlier as shown: ‘in Fig. 4, The 

the oxidation velocity between the 

| and IIT in the typical curve will be 

to the similar changes in the type of. 
Several evidences for this conclusion : 


rer ae neds in pony oat cases a ‘Small or a broad 
we obtain 


N ‘, 2 a vei Cer. 
Lae V vi) ‘do. 


ood of the kink point from the region II to Dee ee We PL L dt in de ; 


i 
rhaps the lack of uniformity « and the are 


pis region Iv, giving a mart ‘he = re 
assumption. i 


y 


go. Flashing Conditions. eae 


a6 the lection ‘microscope that By de ev ra 


Pk large amount of ‘gases is riled ‘gore 
getter itself and ‘the, getter plate ana thu: 
Oe, “region I the resistance of the getter thea g reaches tempo rarily to from several 
‘or does not phange for a moment, while the: — Hg. to Several ten: mm. ‘Hg. One. part 
released | gases will be absorbed ‘into. the 
‘mirror and the other part. will be exha| sdb 
the pump t to decrease the Pretetne api c 


‘are covered by the uniform layer. ~ 


the getter plate “must be heated beyond 1; 000°C 


is not constant in time and place, being. another 
ause for the granular structure at the initial 
stage ‘and’ moreover, for the local difference, 
together: with ‘unequality of the distance and the 
ney, of evaporation. - 

; . Thus, in general, the. structure of the getter 


considered as. assumed in Fig. 8, while it is of 
thin, and small granalar structure apart from the 


‘Ichimiya’ ) results. - _ The intense absorption ability 
observed: by Ehrke © ‘and Slack( on the getter 


able ee structure. abs 


ve “mirror and the ‘mechanism of gas absorption were 
7 tN chet 


eee h oes she 
RES ASR ay “hohe 


Se 


¢ 


‘i S1. ‘Outline of the eee 


i 


“has been’ treated by the matrix method()@), But 
so for it is. ‘mainly the. one and two dimensional 


ya 


 .ferromagnets ‘that have been discussed. 
- ‘wishes to treat the three-dimentional ferromagnet 


bse 


sional St seaaen a us 


‘atadiea by the measurement of the presses and 


Sablaved: fine Saal are observed age © ‘be 
‘formed on. the glass” wall at first and then they 


The structure depends largely upon. the ‘wall 


‘temperature onto which | the mirror is formed: As 


at the flashing, the temperature of the glass wall 


“mirror near at the getter plate may well be. .- 27 “(6943) 548, 


getter plate, in- agreement with Yamaguchi and: 


flashed in argon atmosphere is attributed to the 


large surface area, characteristic cs the: remark- wae (4) S, abieirioht & mh Tchimaiva + 


‘ip atts paper ie structure oe the getter 


- Statisties of the - Three-Dimensional Ferromagnet (1) 
es ‘ pie ge aes aes Takehiko Ocucut. sayees ide ti ns 
Tokyo Institute of Peshmoloen Oh-okayama, Tokyo. 


| Received ya il, 194937; 


first place, is to acess one layer as a "eonotitaalt 


"Recently, ‘the Ising model of ferromagnetism Bo ing this line. of approach, however; one can hardly 


If one | 
elements. 
oy this method, What | should be poe ae in the 


moh 3 


resistance ‘of the getter mirror and followin say 


results were obtained : Bie 


‘$3 


) The structure of the mirror is s granular * 
Pec in most cases, Pane med 
(2) The oxidation proceeds at from th : 
surface at first’ and then it proceeds along 
crystal boundaries. f 


aye As the thickness of the oxide: layer grows, 


many cracks are induced to recover the 
Shee absorption Heth ih Gua aes or 


In conclusion we acknowledge “Mr. I 
Bhd Mr. shiniga for their sincere discussions 
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element and to pile ‘layers on one by one. Follow 
obtain any result owing to considerable mathe- 
matical difficulties, since the energy terms are 
so complicated and ‘the matrix is filled solidly with 


Therefore, the author has given it up to regard 


pe ae 
Wb $7 


layer as: a Fe AG clement 4 and, instead ae of ‘arranging ’ : 
‘spin which is to be mided next be ¢ 


(see Fig. 3). The number of spins in one. 
k. Since the interactions are mba to only 


A= —1., We shall take interaction. — 
“between secreaes and animes ae 


follo wing: 


: TET ET SSE Naa 
Bay a Nak —Kerej, —Kerty, 


Gs ne pecan. 

: 4 yy Me te “3 ‘ " i 

| Let useall Alii, +5 Ajass>s 1) the p oba . 

y reffering to them alone, and A (te, « a » Ais hier 
the one in which #, occupies the place of Bos 
of 4, and “so forth. Bis ds ‘rigorous Bo 


statistics, these are related as follows : eae 
AAC ties + Uys “m) = = = ey (Kesar 
GA ; pe Aa * jot cs 


; although’ the unknown factor a ‘enters bec 
Boltzmann exponentials. are only pr opor’ t 
probabilities, it ‘becomes the eigen 
UR eee daee ay 3 igs apie Sant 
; The ‘total energy E of our bone 
field: takes the form: | oe 


over ant pairs « oy ) whlch: ae oes 

. Thus the partition fametion fi is iis 
of the layer, see Fig. 9), we add eer ee a et Teste He Pee & 
42 the one just placed previously, thus. =, Hyg 2 ee ut Be a rere, 
? prmoaed entirely one .line. We then. <9 >) i}: , aa € 

spy ghee a Zee 

on, ae to the last position. Then we ‘ 
to the first position in the next layer and 

speat the same operation. Now consider. the case 


akg > 


> oe a) and whieh satisfy the equations 


a 1B, oa ’ Hyas VEAL) Mo) (1. ab 


= 3, (an * 


Bey a) age ’ 


ab ) = pa (1.7) 


bs 
{ 


. By: repeating the ‘matrix operation k times we 
obtain from Eas. (1.3) and a. 6). 

- re fa Pat ok a 
> eXp| KS Mibtets ARB svat 


ke 


4KE ated Aleta) = aA (Hae ee) qd. 8) 
ae tie 4, £3 i : 
TES OS Be 5 ait jae 

: 2 as [Ka Hibeer KB tear : 


jimh’ a 


. a os FR Breed Botany) = PB “md 
‘rom Bas. (a , a. 8) and a a. 9%), 2a 


; eo ace ep at 
“exp aS Pat Hatten +K z apace Da fied 


~ coe 
gh os 


: = 3 Peon Hae Be (He 4) “G10 


- i a 4 i 
bey ° f 


! 


es Be ee ode ipeiete 4 ro 
exp oo. tert KD fasimereh ES Hebe 
i=k st j 

. ‘ 


piaie is Masts 


\ aM 
nie ae fr Se LWeruntls lec 


We 


: ge : : Sie eu 
one ee eee pe ie +. wid aes fe 

pin ts wait eh ar SE . sieaie® i sciax 

Ne ot Soh foteee eee a 


toe ace see e sewn 


bahar * r et ‘ 


5 3 We can write down the same formula for the next 


Seas the matrix . eres 


- We can ohaes the same process in each lager. z 
To exclude the boundary effect, we shall DENS 


¥ 


a system: of order numbers each of which i is er 


= 


ordinal number 


=p ; +: CSA a + 
ice at eee e wees 2 a 


(Phew ee ens 


relation (z 13). and the iaesactibes betweer 


layer are difficult. to visualize in an actual 
But even if this treatment might cause some 


§ 2. 


to ae the matrix (a. 3) into its customary sq 


of unity. 
“matrix elements: 


aep. neat 2h ge 
at exp [KS Vaaton K> Mpsttinec KS puted 
iio Hex ; BOE 


= 5 as. Ap (Lx: Og Mon+1) By (ge ++ #1) 


’ 


; Brett = Pe. (1.18) 
Using Eq. (1.15), we eee 
f= S Ae a a= = ap = 


p=l i p=1 


¥ 


Amax 


tion function per individual spin. me Ey 
In the ‘three-dimensional. , ferromagnet 


last spin in one layer and the first spin in the 


dimensional ferromagnet. 
> < 


The. Provettica. for Low Te 
-ratures. Ys x AG 


form. For the sake of convenience we shall 


For example, let us write down severa 


4‘ 


ordinal number 


of row of column elemexteiaen 
Bes s| art! pigskin st (a 
1 2 eK >» ote 
Ov: i 3 ak ae 
Dish ons 25 ek 
Q-141 2i+1 es 
Qe 25-+2 \e-K : 


half of the configurations anes to the 


fay 


ap 141, 


and are arranged in the order 2*,- 
Thus the complete matrix 


. : the following : 


2.3). 


complicated ee with the one w ic 
treated in . the ‘two-dimensional Sites mK) 


transformation imileh is similar to 0 that | in ‘the two: 
Lag 


dimensional “case. ‘Thus two, irreducible matrices 


Ve and V_ are obtained of order ar and of t 
following form: oat 


Mi 


“where ae 


“t@ [Le]. teil 241) i peed | 
; <-k-2—j a=0 


Rt le BO) 
ibe ( 


Bey, 


~ the order number of the Sopipohents 


ae 


value of Zero. So we can expand Amax and Pmax 


(maximum eigenvalue and eigenvector of ae in 


Be the form ie power series in 8, 


eee eee 


thd veue not BiB Bat reels 7 


Bip dian = OBO P aes : 


a4, s + BY 


‘i " 


e: The eigenvalue equation at Be, is” 
4 
“4 


Bi Ustrt Utes Uys cere =3= 23 ate @? 
pee fro 


As the sae of perturbation has been given. 
in detail by ‘Ashkin and Lamb), 


. im "repeat: its details except to emphasize the fact that f “i 


% 
Xs 
:. both the left- and right-handed eigenvalues of Vi 
. cand Vis. tend ‘to. coincide for an. infinite erystal. 
: The result is ‘the following 


Do A400 ae cea ) @12) | 


From the partition function we can evaluate the 


% 


energy, specific heat, entropy, etc. by means of 
fe, _ the @ thermodynamical treatment, 
f _ Bots instance the total energy is. given oy 


| 


f Qa. Bi+1) 11 (8-2i-14.1) 
j—1 a=0-- ue ug %| i e(2%s8) 
Ra: 1 1-2-1) aM ; 
Me : =O RaQ 9 
Lena 
as0---k—-3—j 
1 (2-}) 


6 


1d) | fed (QAI | (2222414134) 
wo, ne eae a Aja=1---j-1 a=l---j—2 
eas Fe Oe b=0---j-1—a b=1--.j-1—a < me 
OE ee SS Se ce eM OE Ca We eat te Lars ae ar ae 
ME ee ROOM a Pd \a=0---h-2+j (25242041) Be ope aS ce 
. Sohne de ty Ronan 7 * 1ja=0---j-1° Spa ane 
| los 0---k-27 
; 1 (26-1) 


* The number denotes the value of component, and the expression i in arenthes denotes 


Tt: is evident that OE has a single non-degenerate’ ; 
eigenvalue of ‘unity and a (get —1)-fold degenerate — 


~>./ him are quoted in reference (3), but at pr 


@ 11)". 


we shall not, ( 


This completely: agrees with ‘the e 


Pies 


- given by van der Waerden() (the results g en by 


paper cannot be seen in Japan)*. 


It is impossible to” meme! the pes 


os So Zo. 
Ne oe 


3 ee largest eigenvector of Vi. te 

table of eigenvectors, = Bata, es 
#9 = 14 (he pees eee 13" Oe 
+p P1425 +26)81.- wo, GIB). a 


* These: series are preferably obtained by direct 
expansion, reference 1, page 264. The author 
thanks Prof. '‘H. Takahashi and Prof. R. chia aor. 


! ; this notice. 


Fs L4 RB Gk JHA" | 
+20 “te 32 sey 


Fig. e , 


| 
- Be ciapi ase iat va9seie (2.17) ; 
ra / be treated by the screw method. simile to that for 
oR i me ) ‘the square net. One of ‘the irreducible ie 
Comparison. with the results of ea 
Aes is of the following form. 33g wen aw ly Se 
.e-Takagi’s Theory. Al is * ee ve bali 
2 EH , Fy aay Reet 


obtained the same results” by. amore y Aga PS ac af tS ore ha 
; treatment of the date de problem. - { § V3( KA rab ied ey 4 3 2 Bethe) 
sit is | eustomary ‘to express the St Bib (yoo ae oe aed 


ay ; \ ra | ie ¥ ; ice ‘ f r 
n range order and the Short renee order. aie Tees i ae My Gage Oa 


The A of this matrix for low temperatures 
can be obtained by the Pon ineneies procedure 
with the results. ais 7 eeauia ioe 3 


‘ineluding only ‘thet temperature*. 1 PP Se. ts, hee 
= pass —Ai., 2s Fi Daal le 
Vous 12p104. io ee 


| PAIS d 128) oF rr Metie 


er of nearest neighbors is Ss these 


These results show that a aad. Na agree 
Fe ane 684+ (1262) 14a}? ; those of the. simple cubic lattice. up to the terms 
area +12) 1-4 ~ > (8.2) of the order Bo, These facts. show | that ethe- 
“ Takagi’ s approximation, when ‘the number 
' nearest neighbors is 6, is better for ‘the § 
cubic lattice than it, is. for the t : 
titan _ hexagonal lattice. This fact seems 
(14.88 4.3810 gg 116 ais_gagie. Cae (3.8) _ sing, because it’ is vaguely believed “tha 


“. ‘ \ 
ndicates the same temperature parameter _ 
e. _ These may be expand! in power series Me 
eae: 


S , 


- field approximation “would — become bie 


DY 354 ‘ ‘ ’ "hs 


= 1—26°—128""+.148"—908"+2168".. (8.4) Boorer as the dimension is inereased. ‘3 
aon be fe 1 fet sug us denot: b a d 

arison between these results and (2.12) and tha de ‘ fee y oe nc oe 
istence 

') hows that Bethe-Takagi’s approximation for ae i para . an en 


an irs. As total n 
mple. cubic ferromagnet at low temperatures » te et # bar pale ae 


es 3N oe *)- 


on Ries ah a 


hese are hisinss by a tedious calculation = ns = = 1281084148", fo 
r the formulae. (2-19), (2-20) in ret erantia 6. we a 
i ht 


- 


Eee . : , 


5a, for the Pro.dimieusionial * 
4 Trad aac lattice. 


s difference between was lattice types dannict 
ve mgaeae from the Burret? of the local 
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pet 
“The structure of amorphous pes has been 
Fabadied ‘by many workers by’ means of X-ray and 
electron , diffraction. and it was first believed that 
the amorphous carbon is not truely amorphous put. 
| Arnfelt,(!) how- 
ever, was aware of. the absence ‘of reflection by. 


A merely fine powder of graphite. 


_ the net planes oblique to. the principal axis such 
as (701), (112), ete, and suggested that (001) net 
planes of ‘amorphous carbon are not ‘so regularly 
_ arranged, ‘though evenly spaced, as in ‘graphite. 
_ Hofmann and Wilm*) noticed that (200) and (110) 
a ‘lines of ‘amorphous carbon broaden themselves 
‘-outward ‘only (i. e. on the side of large scattering _ 
. ~ angle) but: not inward, when the size of crystallites , 
: becomes. small. | They also found a conspicuous 
“6 change in the relative intensities of the two lines 
with the size of crystallites and concluded that 
2 amorphous carbon behaves’ itself like a two- -dimen- 
sional lattice. in the ‘scatterig of X-rays. These 
3 characteristic features of the diffraction patterns 
“of ablotohous ‘carbon were later confirmed by many 


Z investigators. @) hea 


nie a Note on the Structure of Amorphous Carbon. 


By ‘Mitsuo Miwa, -Shdichi Mamiya, Tatsvio ToaRasur 
-.and Yoshio ONAI ~~ 


; Institute of Physics, Tokyo University of Literature and Science. ; 


' Various forms of carbon by means ny -gleetaat 


former 


_ One of the: "present writers(® also’ studied = 


. 
a3 


ey E. W : Y. Montrol 
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552. 
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23 (1941) 44, 553. . ae ea 


d. Chem. Phys. 10 asda) 


Busseiron { eoniehe 1 (1943) fee 


ich 


ikea! 


Rev. Mod. Phys. 17 (1945) 


Sees a bs eas 


pice: Roy, Soe., 150A, (9865) 9g 


(Read May 22, 1948; Received August 13, 1949). LCS i ee 


diffraction and confirmed the results found by t 
He ee 


workers, se also measured 


of (001) plane). Bi tee 
es ‘a 
later experiment of Hofmann and Wilm it was 


less splitted (‘‘ puckering”’ 


shown that (004) line fades more rapidly away than 


(002) line, as the grain size diminishes. This also iy 
EEN : { 


/ seemed to be an evidence for a definite puckering 4 


of (001) plane of amorphous carbon. And yet no Re 
one seems to have hitherto discussed thereof. In ee 


the present experiment, following six forms of 


‘earbon have been examined by means of X-ray 


‘ alte Mitsuo, awa, Shdic 
aca a in ordemes investigate the s said problem: 


ades yay entirely. (2) The structure of 


} 
eka 


= 
= \ 


“Table. L. 


Observed relative ‘intensities. 
aA 


Apiel |(Q02)| (200) (101) (004) (110) (12) 


ey 


~,|-600}) 17.) 98 |..80 | 27 | 40 


mn >.) 500/51} 20) 8} 2} 0. 
‘600'| 59} —'| 10} 29) — 
500'} 68 |» — | — | 29}. — 
500|. 55} — |} — | 26) — 
500} 6d'v—| — oar f= 

500 | 


esel Perel eget 


‘the plane in some case (Arnfelt) and rotation within - ; 


blique ee prineipal axis becomes ‘weak and. 


scattering of ‘X-rays. 


we 3 ) 


500/ 36 | 50/ 15| 20; 9.™ 


v ™ 
P 2) = pre seats 


Table “Wi, si) 

ST ras grain size. (A 
(001) spating (A) My ; 
ees ama as OOD 7/100) 

6.69 ee A ane 

PAPO 120. -} 150(800)x 

6.80 ° | 60- | 60(120).. 

6.90 =| 40 | 50(100)” 

- 6.83 =| 45° | 60(120) 

6.85. |. BO. > |. 60(120) 

MIATA UN eae 


aad rapidly away. 
- becomes larger. ‘These characteristic ’ 

diffraction pattern except (4) have been awe 

and their interpretation now seems to have | J 

settled.” In the following the item @ will. 

discussed in detail. ‘ 

The phenomena. degoriheds in wb, (ays ari @. 

are closely related to each. iother_ and are <inter- 

preted as follows: The (001) planes of amorphous. > a 

* carbon are irregularly orientated, though evenly 


spaced, to each other, because of slipping alone 1& 


the plane in other case (Warren). Reflections by i 
adjacent (001) planes, therefore, are no more ‘cohe-.. 
reht tu cach": other and - the | amorphhus- carbon 
behaves itself like a two-dimensional lattice in the, 7 


a0, : re 


a | 
] 


a: 


Recently Warren ’) ‘treated ‘the savterite: On a 
_ X-rays by such. a pseudo-plane lattice theoretically 
" According to him, the integrated ‘intensity | of a : 
“certain reflection by a plane lattice, within the P 4 
angular range 0 2~O, where the scattering intensity, 
| is yeppresene is given by eas : a anes aah 


iz : : ay re 


aise te. 
Inet i sin Oz {VS |ROr a 


1+cos? 26. 
i Dat ai 


», (20) = 


ha sin- "sin tai nen on, * % 


‘ 


j “the: mialtplicity of reflecting laa ae es 
volume of a crystallite. ’ The notation — Pal 
denotes: a mean value chosen appropriately. — ‘ 

The integrated intensity 
randomly Piled (001) Planes, a 


The relative Integrated intensities of t main ng 


-¥ Here the factor MN,M/Ag given 
formula is’ HeDLeve by Sanya Se 


Table III. 


. Variation of relative intensities. with the degree of j 
splitting | of (001) plane. 


4 ‘Ss = fattles is egal : wi 11),° and the mean Se] (002) | (100) | (004) 
Bs ues: are replac th Ht - 1 rast 
: Sai Se place y the, values ‘corres: 0 817 1.00 | 1.98 
ponding to 0=0,. The calculated intensities 1/20  e14 1.00 | 1.28 
xcept (004) will be found to agree with the experi-. 4 [M5 28.7 ; 306 98 |: 
ECG aA) eas 9 a ee 
1/10 ° VAS i" 1.00 03 


fl 


large. error in, the determination of. intensity due of (01) pete! Large rane spacing of’ amorphous 


uetuation i in 1 the distance ‘of (002) plane bid? (c) 


to the large width of diffraction line, The third carbon, however, seems to be favourable 
3 tem, however, was found to be too small for: the conelusion. Puckering also may have some l 
explanation of observed results. The second item - tion with the fact that some form of am« orp 
eo or the fluctuation of (001), spacing, estimated from . carbon | such as. retort carbon is harder 

. mecedenins. of diffraction line and the increase graphite. . _Puekering will” prevent the 


along’ (001) plane. 
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Table I. ‘Nature ai relative PRPS 5 of ions se | 
produced from acetone by electron. impact 


‘the previous Saparat) we described ‘the ~ with 80eV energy. 


ion of ethyl, n-propyl! and isopropyl alcohols , eas lon ae (CH,),CO* =10 e re 


lectron impacts. fi - CHy,CO+ eae eo 3, a 
his Baber we describe: ‘the dissociation of © Wty, C,H,0+ : 2 aad ve Por tin ag 
OCHO aA Siena 01 
oe : C;H,0+ , a ae : ' 0.55 area 0.5 Br 
ane - » 2 Bk f >? OBOt > | SDAe calc Oak hea 
nt ex ee BOL OR : (ey eae 0.35). 5 OR ae 
3 . C,H;O+ _. Path, ag 0315. . . EDaiE4 
C,H,O+- ogre: aioe ere 0 Se 
CAHLON 85 oo SS eal eee 
C.H,O*,GH*+ 45038 
C,HO+, C,H;*+ ~ Sa ESA os 


C,07, GBF 2 0.8 ae 
Bat ot: Feo hay 8.2 ad 204 | 
OHA oa 3S See ie ee 
Si i) ee 
; ba,0- iy Sheets 
_CH,O+, C,H,+ 
CHOr, C.H* 


‘ +, pl 
. Co eee energy (100 Keal/mole) ‘aha eae 
C.H,*+ 


ees (96 Keal/mole).. For this fact 7 OH. 


o> 5 


) says that the acetone molecule is Bay . i“ OB we CHE 4 
y ay resonance effect merch the As pare ra: Tos at 
SeeOtee 

HOM Sige 
ty 0+, CH,+ e 

eee acme 133 
- 3B 4 3.0 | 


ick: one and its amount is about 4076 
total ion. | When the oxygen atom is ionized — 


derab ; " os 
eC— :C bond is brolien satisfying the trivalent _ iv abundant is this | case. The CH; 


-. also abundant in "the same. Beagiard as in the 
ea eas I ase 


* — 1950) ~~" Dissociation and Ionization of Acetone and Acetic Acid. 85 


38 24 


2 a ie ae 
cee Niccnecabnesoeness — a 


Fig. 1. bee ea hbiained with \CH;);.CO at the electron energy of 80eV. 


But it is stranze that the amount of CO? Table II. Appearance potentials of ions 


jon is small. According to the experiment of produced from acetone. 


{'the photodecomposition of the acetone molecule 


Mie Ton A(X +) 
measured by Spence and Wild(@), the primary 58 (CH.).CO# 10.4-+0.1 eV 
process of the decomposition in the ultraviolet 43 CH.COt+ 12.2+0.1 
region is (CH;),CH--CH:CO+CH;. 42 CH.CO+, C;H,+ 15.540.2 

This process resembles to the dissociation of 41 CHCJ+, C;H;* 16.1+0.1 
acetone by the electron impact. The appearance 39 C.H3* 16.740.1 
potentials of several ions are measured by the 29 CHO+, C.H;*+ 17.1+0.1 
usual method and corrected by the ionization = eo ee winnie 
potential of Ar (15.7eV). These value are shown 15 CH, « 16.0-0.1 


in Table II. 


Table III. Energies of dissociation of acetone into its various constituents 
and interpretation of the appearance potential. 


No. Configuration 12709) A(X*) I(X) 
a (CH;’,CO OeV 10.4eV I((CH;),.CO) = 10.4 eV 
b CH,CO+CH, 3.65 12.2 
c C;H,+0 4.9 15.5 I(C;H,) < 10.6 
d C,H,+-OH Sire 16.1 
e C.H,-+-C+H 8.0 
f C.H,;+O0H+H, 6.1 16.7 I(C;H;) < 10.6 
9 C,H; +H,0+H 5.4 I C;H;) <11.3 
h C,H,+CO+H oe, 17.1 
t C.H,+C+0H 8.0 
3 HCO+CH;-+CH, 6.9 17.1 I (HCO) < 10.2 
k CO+C,H,-+H; 1.6 16.5 I(CO)< 14.9 
l CO+CH;+CH, ay! I(CO) < 13.4 
m CO-++-2CH, 4.0 
nN CO+C,H, 0.2 
(0) C,H,+C+H,0 5.7 
p C,H, +CH;-+0 7.6 17.3 
qd C,H,-+CO+H-+H, 4.7 I(C,H3) < 12.6 
r C.H;-+H.0+CH 5.3 I\C,H;) < 12.0 
s C,H,;+OH-+CH, 6.9 
t CH;-+CH;+CO 4.0 16.0 I(CH;) < 12.0 
wu CH;+C,H,-+0H 6.5 I(CH;) <9.5 
v 8C+6H+0O 34.5 


i 


86 Toyozo KAMBARA. 


The heat of formation of the acetone vapor is 
54 Keal/mole. The heat of sublimation of carbon 
is still subject to some uncertainty, but we have 
adopted the Herzberg’s value L‘c) = 5.41eV in this 
paper the same as in the previous paper. Then 
the dissociation energy of acetone to atoms in 
gaseous state is calculated to be 34.5 eV. Table III 
shows the energies P(X) of various combinations 
of three carbons, one oxygen and six hydrogen 
atoms at the normal state with respect to the 
combination (CH;),CO as zero. 

The difference between the observed value of 
the appearance potential A(X*) of the ion X and 
the above calculated energy P(X) by which the 
neutral X is produced from the parent molecule 
gives the upper limit of the ionization potential of 
X. These values are also listed in Table III.» The 
discussion of some particular cases will now be 


given. 


1. M/e=58 
The ion corresponding to this mass should be 


the parent molecular ion. 


Duncan) obtains the value 10.2) eV for the 
ionization potential of the acetone molecule from 
the experiment of the absorption spectrum. 
Noyes() gives 10.1 eV for this value measured 
with the two electrode tubes. From the precise 
measurements of the ionization potentials of the 
hydrocarbon molecules with the mass-spectrometer, 
Honig‘) concludes that the values of the ionization 
potentials measured by the electron impact method 
are 0.02—0.2eV higher than the values obtained 
from the spectroscopic data. He gives the value 
10.46eV for the ionization potential of acetone. 
This is in good agreemeut with the value reported 
here. According to the Mulliken’s theoretical 
prediction() 2p electrons of the oxygen atom in 
acetone have the lowest ionization potentials by 
the change transport effect. Now let us assume 
that the ionization of the molecule represents the 
removal of one of these non-bonding electrons 
from the non-mixing orbits of the oxygen atom 
and the ionization potential remains constant as 
ong as the molecular structure is not radically 
altered and that the value 10.4 eV is the ionization 


(Vol. Dp 


potential of the oxygen atom in the acetone 
molecule. The value of the ionization potential of 
acetone is considerably lower than that of alcohol. 
It seems to be reasonable that the oxygen atom 
in acetone is easily ionized for the resonance 


seh 
structure of (H;C),C :O:. 
2. M/e= 43 


The ion corresponding to this mass is the most 
abundant one. The process by which this ion is 
produced is (CH,),CO >CH,CO-+CH, - 

Norrish, Crone and Saltmarsh() give the value 
of 96.5 Keal/mole for the C—C bond energy of 
acetone from the experiment of the predissociation 
spectrum, but M. Burton’) proposes 73.5 Keal/mole 
for this value from the consideration of the 
reaction kinetics. 

On the other hand Stevenson) obtains Bcc= 
82.649 Keal/mole for the C—C bond energy of 
ethane from the various data of the electron 
E. R. von Artsdalen and 
Valatin give nearly the same value of 85.6 + 2.3 


impact experiments. 


Keal/mole and 82.78 Keal/mole respectively for this 
energy. If we use the value 8&8 Keal/mole for Bcc 
of ethane given by Stevenson and others and also 
use the value 84 Keal/mole for Bcc of CH;CHO 
and 84.5 Keal/mole for Boo of (CH;),CO as Burton 
presumes, the Bon of CH, and HCHO are respec- 
tively calculated to be 100 Keal/mole and 89.5 Keal/ 
mole. Now if we use 84.5 Keal/mole for Bcc of 
acetone, the appearace potential A(CH;CO+t) = 

12.2eV is led to the unreasonable value of 
1(CH;CO) < 8.5 eV without the consideration of the 
trivalent property of O+. In the alcohol molecule 
we use the value 3.6 eV for the difference between 
the C= OandC C bond energy. In the acetone 
molecule let us define the value « for the difference 
between C=O andC =O bondenergy. If we use 
the value 10.4eV for the ionization potential of 
the oxygen atom as previously assumed, the value 
a 18 approximately decided as follows; 10.4+3.7— 
#<12.2eV, «>1.9eV. Now if we compare the 
value « with the energy difference between D(CO) 
and Bco in acetone which is 2.5 eV, the approxi- 
mately calculated value a is only 0.6 eV lower than 
the other. In considering the uncertainty of C-C 


bond energy the value a is in good agreement 
with the other. | 


~ 41950) 


3. Mie = 42 

The ion corresponding to this mass is either 
C;H,*+ or CH,CO+ ion. If we assume that the ion 
is C.H,+, process C leads to the value I(C;H,) < 
10.6 eV which is slightly highr than the 1(C;H,) = 
10.0+0.2 eV given by Bleakney(*), 
that the ion is CH,CO+ and the energy to remove 


If we assume 


the hydrogen atom from CH;CO is the same energy 
as to remove from CH,, the ealeulated appearace 
potential of CH,CO* is 15.9eV. But the process 
C is more probable than this. 

4. M/je= 41. 

If the ion corresponding to this mass is assumed 
to be C;H;+, the process d or e leads the J(C;H;) 
value considerably different from the I(C,H;)< 
9.7eV given by Bleakney. 
consider CHCO* for this ion. 
5. M/e=39. 

This ion is the C;H;+ ion. The process f led 
to [(C;H;)<10.6eV may be more probable than 
the process g, for the /(C;H;) obtained from the 
isopropylaleohol is /(C;H;)<10.5eV. 

6. Mie = 29. 

If the ion corresponding to this mass is 
assumed to be C,H;+ ion, the value of I(C,H,) led 
from the process fh or 2 is considerably different 
from the value I(C,H;)<9.8eV obtained from 
propane. Assuming that the ion is HCJ+ ion, the 
process 7 leads to the value J(HCJ)<10.2 eV. 
The ionization potential of H,CJO is 11.3+05eV 
given by Jewitt(“). If the energy saving by the 
trivalent property of O+ in formaldehyde is assumed 


Perhaps. we should 


to be the same value as in acetone, this process 


seems to be energetically probable. 


Tol /ei= 28. 

If the ion corresponding to this mass is assumed 
to be the CUOt ion, the process k& is the most 
probable one, for Vaughan gives the value 13.9+ 
0.2eV and Tatel'5) gives the value 14.140.leV 
for the ionization potential of CU. In this paper 
We use the value D(CJ) = 9.14eV given by Herz- 
berg, but both Lozier() and Tate give the value 
D(C))=9.6eV to explain the experiment on the 
dissociation of CJ by the electron impact. If we 
use the latter value, the process / is more probable. 


If the ion is assumed to be the C,H,+ ion, the 
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process O leads to the value 7(C,H,)<10.8eV in 
good agreement with the directly measured value 
I(C,H,) = 10.8 eV. 

8. Mie = 27. 

The ion corresponding to this mass is the 
C,H;+ ion. The most probable process is the 
process r which leads to the value J(C,H;)<12.0 eV, 
for the J(C,H;) obtained from propane and iso- 
propylalecohol are respectively J(C,H;)<11.2 eV 
and J(C,H;)<12.2 eV. 

Ore Cease os 

The ion corresponding to this mass is the 
CH;+ ion. The process ¢ is the most probable 
process and leads to the value J(CH:)<12.0 eV. 

The ion has the excess energy more than one 
electron volt comparing this value with the 
I(CH;+)<10.4 eV given by Hipple, [(CH;)<9.9 eV 
given by Smith or J(CH;) = 11.1+0.5 eV given by 
Fraster and Jewitt.(). 


S3. Investigation on the Acetic Acid. 


According to Pauling@) the acetic acid molecule 
has the following resonance structures; namely 


O: 
H,.G-CG ee 


O: 

y, 
HC=07. 
; Now. 


\OH 


Table IV. Nature and relative abundance of 
ions produced from acetic acid by 
electron impact with 80eV energy. 


Mie Ion CH;COOH+ =10 % 
60 - CH,COOH+ 10.0 4.0 
45 C)OH+ 27.5 11.0 
44 C;H,0*,. CO;* 3.9, 1.5; 
43 CH,CJ+ 34.0 12.5 
42 C,H,O+ 9.6 3.8 
41 C,HO+ 6.5 2.6 
40 Gor ipa 0.4, 
31 CH,0+ 2.9 oe 
30 CH,O+ 0.4 @.1! 
29 CH0+ 11.2 4.4; 
28 Co; C,H,+ 44.2 17.9 
27 C.H;+ es Orv: 
26 C,H,+ 1.6; 0.6; 
25 C,H+ 1.3 0.5 
24 Ce 0.5; 0.2 
18 H,O* 7.0 2.8 
17 HP+ 41 1.6 
16 O+, CH,+ 10.8 4.3 
15 CH;+ Be 216 8.55 
14 CdH,+ 14.7 5.8; 
13 Cd+ eee 54 2.16 
12 Ct 11.5 4.55 

2 H,* 7.0 Ta fs 
1 H+ 11.0 4.3. 


En 
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Fig. 2. Mass-spectrum obtained with CH;COOH at the electron energy of 80 eV. 


This 


is more stable than acetone by this 


The resonance energy is 28 Keal/mole. 
molecule 
amount. In the acetic acid molecule as well as 
in the alcohol molecules, the oxygen atom is first 
ionized by Mulliken’s theoretical prediction. 

The abundances of the ions produced from the 
acetic acid at the electron energy of 80eV are 
listed in Table IV. 

The photograph of the ion peak at the electron 
energy of 80eV taken by the magnetic scanning 
method is shown in Fig. 2. 

In the Fig. 2 the ion peak corresponding to 
the M/e = 39 may perhaps be due to the impurity. 
Among the ions produced from the acetic acid the 
ions corresponding to the mass 45, 43 and 28 are 
abundant and moreover the ion corresponding to 
M/e = 28 is chiefly due to the CO+ ion. The CH;+ 
ion is also abundant, but is not so much as in 
The ion C+, H+ 


abundant in this molecule than in acetone. The 


acetone. and H,+ are more 


primary process of the photodecomposition of 
acetic acid investigated by Burton(*) is CH,COOH 


Ly een es aS 
ee : Spee. « Ay 
Pa ar 

34 #0 bee a wd 
< herasnhrisinmnceninarentanerinaiat itdReall |e 


= 


+ CH,COO+H or CH,;,COOH —-CH,+CO,. But } 


the CO,+ ion almost disappears in the electron 
impact experiment. 


the abundant ion are listed in Table V. 


Table V. Appearance potentials of ions 
produced from acetic acid. 


Mie Ton A(X) 
60 CH;COOH+t 11.5+0.1leV 
45 COOH*+ 14.3+0.1 
43 CH,CO+ 13.0+0.1 
42 CH,CO+ 12.0+0.2 
28 COt, C,H,+ 14.6+0.1 
15 CH,+ 17.0+0.1 


The heat of formation of acetic acid vapor is 
Then the 
dissociation energy of acetic acid is calculated to 
be D(CH;COOH) = 29.6eV. The energies of P(X) 
are shown in Table VI. 


111.7 Keal/mole given by Rossini‘). 


Some dissussions about the dissociation 
processes will now be given. 
1. M/e=60. 


This ion should be the parent molecular ion. 


Table VI. Energies of dissociation of acetic acid into its various constituents and 
interpretation of the appearance potential. 
eee laa 


No. Configuratian if (Xe) 
a CH,;COOH 0eV 
b COOH+CH; 3.7 
c CH,CO+0H 5.1 
d CH,CO+H,O 
e CO+CH,OH 1.5 
ip C,H#t} 0? 6.2 
g CH;+CO+0H 5.5 
h 2C+4H-+20 29.6 


A(X) I(X) 
11.5 eV I(CH,COUH) = 11.5 eV 
14.3 
13.0 
12.0 
14.6 T(CO)< 13.1 
17.0 I(CH;)<11.5 


a a 


The appearance potentials of,: 


oe in 


ectron 
otentials, “namely: jal OeV for trans-type and 


: observe one ionization potential for the acetic acid. 


‘The ionization potential of acetie acid is the 


orbit of oxygen atom and for the resonance 
Be structure the oxygen atom of €.= 0 bond seems 
_ to be more easily ionized than the oxygen atom of 


_OH bond. But the ionization potential of acetic — 


acid is about’1 eV higher than that of acetone and 


nearly equal to that of aleohol. For this reason 


it seems to be true that the hydrogen atom in OH | 
Bond may be labile and tends to. jump from one 
_ oxygen atom to the other and raise the ionization | 
a potential of oxygen atom by diminishing the charge . 


transport effect. 
2, Mle=45. — Me ona 4 
3 The ion corresponding to: this mass. is the 
_ COOH* ion. The process to produce this ion is 
_ CH;COOH — CH,+COOH*++e. 0 

- If we assume that, the Boc’ of this molecule i is 
the same value as the acetaldehyde and is 86 
Keal/mole (3. TeV), the upper process will Feed to 
the J (COOH) < 10. 6 ev. Assuming that the ioni- 
; zation potential of the oxygen atom in 11.5 eV, the 


_ energy saving « for the trivalent property ‘of OF 
is only 0.9eV which is 1 as fone? than that. of 
: acetone. pa 
But at we reduce ‘the resonance --energy 
“1.2 eV from the difference between D(CO) and 
Bozo, we get the _value 1.3eV. This value is 
nearly the same value as «. ‘That is to say, the 
“acid” radical is’ more stable by the resonance 
3 energy. 
, agree with the Bleakney’s result obtained from the 
formic acid. For this reasons we consider that his 
| Bex value (4.48eV) of HCOOH is considerably 


large compared with the Ben value given by 5 


Z Barton: or the author, © x 

Le al $ - \ =f } ; 
3. Mile = 43. 

: The ion ‘corresponding to this mass is CH,CO* 


s 


y on. : gE y, 
erage process 2 namely el ti ok 


impact and gives the two ionization 


11. 6 eV for cis-type formie acid. But we can only | 


energy to. remove the electton from the non-mixing ; 


But in this point our result does not - 


; = Pe 4 40H +e, is the most probable process, bat. without iste f 
tigates the dissociation of he: forme acid By 


_ lower than the ionization potential of oxygen atom. 


consideration of the trivalent property of O+ this : 
process ledds to I(CH, ,CO) <7.9 eV whieh * much 


But if we assume the ionization potential - and 
energy saving in CH,CO is the same value as in 


acetone, we can calculate the appearance potential. 5 


of CH,CO as A(CH,CO)>10.4+5.1-19=13.6eV 


_ from the process C. 


' hydrogen atom from CH,CO is the same value as. = 


agreement with the observed eahue: : Was 


N 
_ than the value D (CO) = 9.14 eV given by Hemet ‘ 


. briefly in the following way. The most abundant 


This roughly estimated value 
‘of the appearance potential i is 0.6eV higher than 


If we assume that the energy to” remove is re 
from CH; and consider the energy difference “be oa 
ween OH and OH, at the same time, the value 5 
of A(CH, ore from the Pes d is roughly 


s 


5. Me = 28. 


the value 7 Coy from the process ¢ is 13.6 ¢ = 
We consider that the value D(CO) may be lar; 


forthe process is the only probable process. . 


6. Mje=15. © x 

The ion corresponding to this mass is ite . ne 
CH,+ ion. The process g is the most probable as = oI 
in acetone and leads to the value J (CH;)< ikeve : i 


§ 4. Conclusion. | tS : 


The works reported here can be summarized 
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e molecules the non-bonding electron of 
Pane is first ionized ang. O+ has the 


Soe eeeneat “We also wish’ to 
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‘in ‘their experiments, ‘the VR chanicters 4 were 
Sore "measured oy in the ae such that: electrons. 


Pen sas eat | ‘Fig. we 
* ye tise MK ae 
+ prepared | were mnbanited ae as the sprayed parts 


aya 


- between the coating, which served as a probe. 


4 ‘These parts, were sealed in a glass bulb. eva: 
~ euated by a Hickman 3-stage oil diffusior 


-* composed and the getter was. flashed. 


nie ‘oscillation of saw teeth of about 1000 cycles “was. « 
“generated by a thyratron 66G. This oscillating: 


potential, after amplified by a beam power tub: 


Ear by C, and Ris , and applied to the other. plate | 


are in contact, ‘and pressed by a tungsten spring rs 
“as shown | in Fig. 1. A, nickel ribbon | of 0.05mm 
(BS thickness _ and 0. 2mm in width was inserted : 


pump 
“for few hours under bulb baking of 200°C. ~The 
bulb was tipped off, after the carbonate was de- > 


; FR The V-R character were measured by oseillo- 


re: 


807, is applied between ths pair of cathodes of 
the. measuring tube through resistance R, and Riy 


wea 
of oxide, so that the current. through the circuit 


which are ‘sufficiently greater than. the io. 
is strictly a saw teeth form irrespective of the VR 
character of the sample. - The potential, drop ‘Sen e- 
rated between the probe and cathode of earth sid 

which is. amplified by the triode part of DH- 8 is. 


applied to a deflecting plate of a oscilloscope. 


potential drop amplified ‘by DH-3 is» differen 
the oscilloscope ‘after amplified by: second D 
In’ order to obtain the” fan of resisteng 


tween: B aha: G; connecting A and. B, i : 
on ‘the Seer The scale of voltage pe 
Cy Ri. was 0) adjusted according td the resist 
of the samples as. to, generate about 1 volt bet: 
B and Chi 


® Results ee Discussions. 


As it is said that *the cer fod! resistance 
influenced by core metal, MOC) we employed ¢ 


ae “scope through the circuit as es in pgs Dy, The t sorts of core metals, as in mabe I. 


: Ri WK Ss toe ce Les : 
d , R, 500K Ry10K EH 1.5V - : | 
me y Rg 00K. Rig DVO S Ho EBs hatte 
; - Ry, 500K- Ry 20K V, 66G ; whi Bite 
. “R-200 Ks G''0.N8° 449, 807 Ree Coe a 
PR 20002 Cy 02° ob VDA é 
Rok gaat ia 50K <°C , 80: V, DH3 


Aye BE Oy SB V; osciloseope 
DiBis BR, Cog 8 Tene | Es 
Ry 200K C, 20p | . As 


ee a: A 


oe. Ja 
“Table ihc 


VMg~o.1 x Mn<0.226 | ny eRe 


Sino. 0526 Mn<0. 2% read sition be the bulk rosie iis of the oxide, we can obtain 
- | electrolytic 
eee! nickel the interface resistance by reducing Me from the 


total resistance. Especially the interface resistance: 
at V=0 is given by e= r—Te, ‘where r% is the 4 
_ total resistance at F047, and p at 1000°K. and ' 
aro 975k Sai a the activation energy H, and Ep of these values. :! 


Seat wert eal nacre aa oh obtained by plotting logarithm vs. 1/T are tabulated 
-a5¢ FASV Goes in the 1st row of Table II. It is shown that both ; : 


ae “st x ae : __E, and oe are hgh to 0.5 ~ 0.6eV. 4 


character of bee) BR to shown in a 3. 


Boh +i) Bigs e pW sa t,3 ee - that i “Dp” as shown in. Fig. Aina fable tt 


a) initial b) 1060°K, 250 min. is greater than E. by about 0.2eV and the form 
ee} 1210° K, 50min. Rees . 


’ - of the V-R characters are dependent on ‘the m 


core forobides The form of the charae- - asuring temperatures. - When this sample owas é 
ost independent of ‘the temperature of — _ heat treated for 170 minutes at 1220°K, the resi 
Ln ‘ ath ‘ ) i , t me? e i. 1 


Table Tie o> hee oem tte 


treatment ‘ 


a 
. 
oe 9 
D 


pale net Soe Ade ake eee pon Fos 


= initial 


% 50 0.50 98 0.65) - i iS. yee 
1060°K, 250 min 


Bd 80050. 8610.48 Sax bh 
- 1210° K, 50 min _ 75 0.50 7, L005, 0. 70. Rigas, 
| 1110°K, 10min - | ~ 350 0.78 


Z 1110°K, 230 min 


- 90 0.68 | 81 0.62 
iy! 1220° x 90 min 60 O. 


105 0.57 Sidink 


-1100°K, 40min. 
; VLLO0* Ke 100 min 
1220°K 5 170; min 


580 0.57 
750 0.56 fh 
780 0.62 Pa 


|) 450 0.62 | 300 0.70 — 


SJ “ = 


Aare K, 140 min Pe wat ee 1 
c 590 078 pike: 


Ic oh: a sil. aay oe S 4} 


1220° K, 80 min #5 are 

17 110° Wyo min. z é 
~ 1110° K, 100 min > Paes os! Bet iter ; ia ort 69 qed 
bbe Ky 90 min Dy eet ees Ae m ie rei oT y, i 
1110°K, -2.min hi ees Be CON as ed ie a 8 ‘adel Decca 


-1110°K; 140 min ites roe ReaD 2 


7 
s 


‘1110°K, 260 min | M 550. 0.77. 

initial ; CD ae eee 

1090°K, 120 min D- wae ey 

/1200° oe 50 min Dae P als 

initial D ee Le fan 
-1100°K, 370min. ‘| D : ag ioe 
1230° K, 400min | D. % 


\ 
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; M, and D means the Wilson,’ Mott and double type. aa 
Sample D’ and E’ are heat treated at 1110° K for 60. minutes 4s without ge 
the measurements are set about. 4 


600 = ” c ; 
Fig. 4, 


2) 1100°K, 40min. b) 1100°K, 100 min. 
‘e)- 1220° K, 170 min. _ 


my. Ne 


100 b 


a) initial. 1090" K, 120 min. 
“¢e) 1200 °K, min. 


tance of easy flow (negative direction) increased 
%; remarkably, and the V-R characters, have a mini- 
mum point at about V=0 as shown in Fig. 4¢. 


“character _ haying minimum | at V= 0, from the 
initial. 
V= : OJand the difference ‘between T) and the resis- 
‘tance | at v= —0. BV ‘(0-) and these activation 
“energy ES Ep- in table HEN Srae "] pith gta 

Now let us assume a thin layer of insulator 
as ‘the interface and the potential gradient in the 


: _ oxide due to ‘the transfer of electrons from ‘oxide 
to metal: as, . Shown in Fig. 6. mn According par 


Davidov, ig the thicksiess %, of the latter i is euler 
; than the thickness. d of the former, the electrons 
are carried by the tunnel effect and, there appears 
2 the rectification, of Wilson type(. In this case, 


c the contact resistance at V=0 is given by, 

: ; Ti. path F ee 
Nore ae eupkr 
7 demekTp* ate 


‘In the. case of vane _we can obtain this peculiar 


4Q al: 


. transmission coefficient of electron through the 


V=0 is given by 


We tabulated the. total_resistance ty at i 


y 


/ 


where Fis the energy. difference between the im- is ; 


_ the impurity center must be ionized to the greater j a 


purity level and the conduction band, q is the 


The temperature dependence of 
o is the same as the bulk resistance of the oxide. 


potential barrier. 


Thus from the above results we can interpret the 
rectification of «D” as the Wilson type. 3 


‘In the case of » >d, thermo- electrons jump 
over the potential hill, and we a obtain, the 
The airecdon: of the, 
easy flow in this case | is opposite to that in he 


rectification of Mott type. 


case of Wilson type. The contact resistance at 


Da 


€. UN i 


Ng a Ae~(EpP+eykr, 


n 


/ _ Fig. 7. H-2. — 
initial. b) 1100° K, metal—,_ 
‘oxide +7 ma, 10 min. 
1100°K, 0ma, 5 min. 
1100°K, 0ma, 20min. 
1100°K, metal+ oxide—5 ma, 
5 min. 


‘ ms 
6) 
d) 
e) 


from the contact, v is the mobility of aiseeron “ , 
“Because in the case of the electrolytic nickel, the 
activity is far lower than in the case of “D”, 


= Bp ee Ep = errs ates the table 


: ig. 8. i 
The ev R. character of E—2 obtained after flow- E/—8 a) 1110°K, 10min. after water flashin, - 


y 


hi current i 7mA aor oxide to core at b) Ailo° K, Aue min. °) 1220°K, fh o 7 
af : 


th: tt ey . 
mn d hs the reduction of the resistance, by a 4 s: om 


ment. By flowing this DC current, the 
are oe to be: coneentrated to the 


1105" * 


oe 


hs without flowing crtent? fand 27 @= jy) = 3 a) 1110° K, 10 min. ake getter fashing 


initial state « as shown in Fig. 7d. If ee a K fee min. S beara 90 pe 5 


shies except the slight ‘increase of 
} 
@ as shown in Sipe Te. These moar 


Ne due rs the structure of nee 5 


ea te ; the reetifying aye a Mott type. Le * 110°K, ? a Rs oie - ae sas q 
speared in “E” and the vreetifying layer of the, ~ -b) 1110°K, 140 min, ) r10°K, ite 
ve Beate tion in series. We shall eallthis type 
ah an : cter af doubl e” type,: an ak shall Gas “interface. If the contact between this layer “i 7 
‘ ee aes following, The V-R_ oxide has a rectifying property- of Mott type 2 
sof maples’ “p” pid fait whieh ‘Were appeared in ‘ oper and cotact between ‘metal ‘and. 1 
t. 1100°K for 60 minutes without getter x this layer. rectifies to the reverse | direction, we 
_were measured treating. at different condi- ‘s pr obtain the character of double ty Pe ‘There- + 


ifter the bathidim ‘cettara: were ‘flashe aictre fore, the appearance of the double type shows the 
se cases the double type apears at first as shown = existence, of ‘relatively thiek interface layer. On 
8, 9,10. For D/— ght cond the Wils ont _ the other hand, there Seems to. be but . a very thin t 
Silaved the double type. But for Pat ay "interface lay er in aug or Aa, because Mg co 

¢ rk there apnests the Mott type after long _ tained in Ses ‘becomes ‘MgO which is. dissoloved 
i) BaO and does not form a interstitial compot 


) type 8; conserved irrespective of the long 
ea nent, as in E/—3, if yi 
a / can be expected that Si contained in RY 


v 


_slee e should form a thick layer of Ba,SiO,. at. the 
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_at the interface, and relatively thick interface layer 
is formed, and the character of double type is ob- 
tained. But Mg contained in ‘“‘D’’ may jreduce 
this interface compound, when the oxide is heated 

- in good vacuum, and, therefore, Wilson type ap- 

pears. The same variation occurs also in “‘E”’, if the 

vacaum is sufficiently high. But usually the re- 
verse reaction, that is the oxidation, is apt to pro- 
ceed, even if ithe getter is flashed as in the case 

of E—-2. 

The results of all samples are summarized in 
Table II, where the units of 7, etc. are ohms at 
1000°K. From this table, we see that the activa- 
tion energy of well activated oxide is about 0.55 
eV, which is smaller than 0.7 ev() or 1.2ev() so 
far reported. Hitherto, H, in our representation 
were measured as the activation energy, which is 
_ 0.6 ~ 0.9 ev in the present report. But this is not 
rational, because of the complicated behavior of 
the resistance of interface. In accorda:ce with 
the theory of Mott, we must assign the difference 
between the work functions of metal and oxide 
to e. Therefore, « must be equal to about 4ev 
which is far geater than the value we obtained 
(0.2~ 0.4ev).. But this theoretical value may be- 


come far smaller, if, for instance, a mono-atomic 


absorbed layer is assumed. 


Conclusion. 
We can summarize the above results as fol- 
lows; 
(1) If the impurity in core metal does not form 


a interstitial compound with the oxide at the inter- 


face, the contact resistance is Mott type or Wilson 
type, according to the activity is low or high. 
(2) When the impurity forms a interstitial com- 
pound such as Ba,SiO, at the interface, the V-R 
character shows the existence of double rectifying 
layer in series. (double type). 
(3) Even in the case of (1), if heat treated in 
bad vacuum, the V-R character of double type 
appears 
(4) The bulk resistance of the oxide is 0.55ev 
which is smaller than the values so far reported. 
As deseribed above, it is necessary that the re- 
sistance of interface is small, for the pulse ope- 
ration of oxide cathode. From above results we 
can say that the core metal containing the reduc- 
ing impurities such as Mg, Ca, or Ba which do not 
form interface layer is desirable for this purpose. 
In conclusion we wish to thank Dr. A. 
Kobayashi and Mr. M. Tomura, for their fruitful 


dicussion. 
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| Solar Limb Effect of the Spectral Lines in a Prominence 
Observed at the Total Eclipse in 1941. 


By Tutomu TANAKA and Zyun KOANA. 
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(Read October 18, 1942; Received September 22, 1949.) 


$1. Introduction. 
The red shift of spectral lines at the limb of 
the sun has been investigated by several observers 


concerning the Fraunhofer lines as well as promi- 


nences(!)- 7). But most of the investigations have 
bean -tasde without regard to the eclipses. Ever- 
shed) mentions that it is desirable to obtain the 
limb spectra of the sun at some future eclipses, 


in order to get the values of the limb effect freer 
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- values éUkained without regard to the salivese are 


of the scattered ‘light. 
is for the limb shift of the spectral lines of an 


" eminent prominence which took its position. just 


on the equator of the sun eee the total eclipse | 


Ai in 1941. : 
: The site of the observation selected was a 

~table-land in a village near Hsienning (Kannei), 
Bropchatens (Kohoku-syo), China. 


The weather 
= was_ hazy. No. coronal line was obtained: by a 
; "very large three-prism spectrograph equipped with 
_ with a photographic lens of an effective aperture 
of: about £/6.9. The time of exposure was about 
; 150. seconds. 
E Prominenee came just on the east-corresponding 

~ side of the slit, which: was put along the image 
i of the equator of the sun. Fairly sharp images 
of ten or so prominence lines were seen, as. shown 
; ‘in Fig. ea ‘The following is a~ report with respect 
- _to these spectral lines. 


g 2. Procedure af the Tivestidasion-- 
~The dispersion of the spectrum observed was 
- from 4, 59 to 15.6 A. /oom. for the wave-length from 


-_ 3983 to 4360-8. This is shown in Fig. 2, while @ 


enn? 
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Yoram 


~ 


¢ 


Desperscon vax A 
ai 


‘ 


Zooo - 45006 


Wave-Lergth ¢ “mm A ra @ : 
4 pe ce eR SS 3 
a resolving - power ‘of the apparatus was about 


B18, 210° for H,. .We might say that such a 
- dispersion and resolving ‘power are quite large, 


considering that it is for. the spectrum taken in a 


solar total eclipse. But this might be insufficient 
~ to discuss the variation of wave-length of an order 
: _of 4100 A. or so with exactness. 


the spectral lines were, however, quite sharp and 


The images of 


es Lim a of the Spectrum Y Pr ominence. ae a SEO 


probably under-estimated, owing to the influence | 


The present investigation 
latter. 
through the points obtained by observation, to get. 


} If in the diseussion of this sort we are to use this 


Accidentally, the image of a large 


. ~which contains Ha and D;. 


" photographed in juxtaposition up to “0. oon. A. 


_ reading at least twenty times. 


, 


_the readings of the comparator used in their 


measurements were fairly consistent. Moreover, 


all the hydrogen lines in question -are not mixed = 
with other spectral lines, and the helium lines are = i 
distinguishable from the weaker components, 
though they are not resolved completely from ies a 
This must. make the result quite accurate. = 


As in Fig. 3, let us draw an osculating curve ae 


rid of the effect of the error.of each measurement. — = 


osculating curve iustead of the observed points — 
themselves, it might be reasonable to take into 
consideration the quantity of an order of 1/100 A, 
or so. But to discuss the result of this sort: 
obtained from the part of dispersion less than 
For this. 
reason, we. shall put off that sed of the spectrum 


20: A./mm, might be quite senseless... 


§3. The Ganecal View of the Resale of 
the Measurements and. Its Corrections. ons 


The. wave-lengths of the spectral lines have ne 


been determined in reference to iron-are lines 


Each point was measured repeating the comparator 
At ten times: the 
travelling microscope was moved in one direction, 
at the other ten times it was moved in the other 
direction, and the two sets of reading differences _ i 
‘At five > 
different points at least each spectral line was : 


were verified to be nearly consistent. 


measured in the part where the prominence. and 
comparison spectra are superposed. The wave- 
lengths. thus obtained are to be added by the 4 
following corrections : seer cae 
(1) Correction owing to the earth’s ‘revolutio 
* €2) Correction owing to the earth’s rotation. ; 
_. (8) Correction for the velocity i in (4) owing to 
- the inclination of the solar equator. é 
(4) Correction owing to the rotational velocity — 2 
of the sun. . 
Our solar spectrum being at one-sided limb, the 5 
rotational velocity of the sun cannot be obtained 5 
from the plate; so far as the limb effect of 
spectral lines is not determined. Thus we adopted 


the value of the apparent rotation of 1.900 km/se¢e 


But the deviation ; 


“This night not be very exact. 
might be small. “This deviation will not alter ones. 
sential points of the discussion in the subsequent e Regarding the ‘ee ancial -yaverlangths ‘fo ; 
tic lines in question, interferometer measures | w 
; mostly taken. More detailed description | will 
Determination ag Pte Limb Effect. given in 25. 4 “e Ute Dom 


The chief difficulty of the investigation of this © ~—‘ The iron-are lines in our spec ectrum ‘show 
ind is the lack of exact measurements of terrestrial clear evidence of being subjected to the po e-effeet, F 
ave-lengths £ for the lines in question as well as * - All - lines! whieh belong» to aiternOe gro : 


E standard iron-are lines, their paveloneie \ whedsued by St. John and wei using 
8; ag to be agitated by the cone of spectra free from. the eS 


4 


oh 2 
are ; . RG ~~ 


WitTable Faare 


Wave-lengths of cs 
Fe lines taken | - Correction 
in reference ; ee 


“Wave-length ; Terrestrial - 
corrected wave-length 


LA. ne & wo TAS 3. Se a 

--4878.220 (ec). | +0.088 4g6i.336 =| —4861.327 
© 4872.145 (c), ie Sete % 
4871.327 (c), Lh: Es ae : . 
| 4859.747 (¢), &e. "A, eae : | aes 


Sk 


4788.596 (a), +0087 |. a7isise } amisas | 
710.287 (b), &e,| ted ti ce ag ea aa 


i 


4476.022.(b), $0,085. |. 471.486 “4am. 476 
—4466.556 (b), &e,| oo. NAP ee a ae 


/ 


F 


4337.050 (b), | 40.084 | 4840.476- |. 4840, 470 
_4332.738 (b), &e.| CSe 


' 4098,183 (b),&e} I 


- ad - 


—4107.492 (b), | + 0.082 4101747 | 401.738 


3971.324 (b),". | 40,081, | 3970.084 | ~—-s970.074 | 
3970.398 (b), | ya Reise ey. 
3969.260 (b), bool 23218 29 eae ei ae 


‘ec \ . — | r >: 1c 
cae a ee eee am 
-8971.825 (b), | 40.081 | gg68.488 | — 3968.470. 

3970.393 (b), | MEM Rte tees Co 
3969.260 (b), &e. 


oe 


~ 3935.816 (b), +0.081 393.678 
3982.631 (b), &c. 


“3 5. Data for the WaveLengibe of 
Different shee 


vere used. - ie ess for syhich: different 


‘\ 
\ 
erence lines were used, coincided with each | (2) Hp. 2 
ther ‘within the range of experimental errors. -Wave-length in I.A. Observers 
oreover, for other lines, there can ‘be . found no : 
sa that < ce Tecate i é 4861.327 _ | Curtis) 
vidence that shows the pole-effect of the lines o 461.328 Gale, Monk anaTest) sae 
Group con our plate. Therefore, our measurement “4861.396 | Evershed(® iaae 
for Hs was perhaps all right. The result is 
‘ablated in Table I. Ree Ee 
‘Table diaj- 22 This mean value has been Adopted. a as the terrestrial a 
— ~ . wave-length of Hs. 9 + i 
Residual | Relativity Difference < = ore ¢ 
az a EA a ee ; (2) Helium lines. The images of’ the Bae be 
at 092 *% ie +0.0103 ne —0.001 helium lines on our pices wer very sharp. The a 
ee eet be hg 00088 : ae FONTS images of the weaker components of each triplet, 
40.010 | — +.0.0095 0.000, 2 
+.0,006- 46 0092 »| | —0,008 one of which is not resolved completely from th 
SER ied 3 ; i ae t re 
+-0.009 40.0087. |~. 0.000: ~ _ principal one in question, could be Bast Bg 
+0010 | +0.0084 | +0002 guished. a 
oe . o ‘Sum = 0.001 = = Their terrestrial wave-lengths adopted are the 
Ets - _ mean value of the following two: ee 
‘Table II(b). te Bee <2" sa - 
Snes cite Wave-length | Wave rength: ’ 
: EAA ER Pa TS : according to fas oe 
Residual ~ dewerde _| Difference peprene fe Bacher and - Mean 
RM costars DA ss 3 A. ~ Tables() Set od, alg 
+.0.018 40.0084" | -+0.010- =: + eae ee 
~+0.014 | - +0.0088, |  +0.006 Bah A. PA, | OL AL 
i at Hel |. 471.143" | 473.147 |. a7is.i45 
ee Our 1 O01] el: auriarre | -agraia aan, 476s 4) 
For lie first six lines . the iicib: effect can ‘* These interferometer measures regard e 
pas ae seen. This 3 is shown ‘in Rg. Boe dently the principal lines. 2 ¥ 
(3) Ay. 
-Waye-length in 1A. | Observers 
. _ : Sy i 
4340.470 Gale, Monk and Lee(®) Re 
4340.469 _Evershed, who recom- 5 
= puted from \ Curtis’ s 
een formula(®) | be 
Se ase length i im LA. : Ss ‘ Mean 43840.470 3 : j ¢ : = 
“ad . i. + ResidinG encladkng Palhnck Kifls : ; i he : open SAN 
Toe on Read sul Lack alle Sif 
2 il : (4) He. 
x ae “Hig. 8 Seat _ = 
: Webi ees Wave-length in I.A. Observers 
“found ii ina _ spectrum: of such a aispersion as used . —\ 4100.737 . } Gale, Monk : ‘and Leet 
y us. But for the last two lines something ‘is : 4101.739 Evershed, who recom- 
ft that: peat the limb effect. aw dN Sy . : puted from Curtis’s 


formula(®) 
eran ae, BR ee Mean 4101.738 


rrioat Tanase and one é 


\ 


_.. Wave-length-in LA. | Observers 


~ 8970.070 _ 


j | 
970.075 | Curtis‘ » 
, 8970.076 | - Evershed(®) 
| Kent”) 


“Wavelength in I-A. 


‘ 


Observers) 


A H 3968. 474 K 3933.665 Adams 
Be .664 ss John — 
urns and 
_ 469 : -662- Meggers 
469 | ; .669 Kiess 
_ 467 -666 Warga 
| 468 E> OBE Evershed 
: " 470 .663 — 3) 
ie .664 Jackson 
- 3938.664 | 


ng to. our measurement, ‘the same amounts 
0.016 I. A. (Table 1); which is nearly- equal to 
2 pease values. eat the limb greta for H 


R rs Deteemination of t! 


Hy Hs and two helium lines undergo - no limb: | 
_effect,.we can determine the linear velocity of 
_the prominence due to the sun’s rotation. ‘The 


i by 1.009- (== 1/cos 7° 45’), so we obtain 1.93 km/sec. 


; - Sidereal rotation. — This agrees with» that of the 
-photosphere due to the sun’s rotation, whieh is 


§ tn, Acknowledgements. mek : s | 


e ee for their supports. 


~ was 8.7 A./mm and the resolving power 1.32105 | 


fully measured. 


city of the Prominence due { 
Sun’s Rotation. wer Sisk s. 
If we assume that the wave- “lengths of Hs, | 


result is tabulated in Table III. -_ 
Owing to (3), §3, the result must be multiplied 


To get the linear Velocity due to the sun’s 
sidereal rotation, the above velocity must be added 
by a velocity of 0. 138 km/sec. Thus we have 
2.07 km/sec as the linear velocity due to the-sun’s 


+o 
the origin-point of t thie: prominence. 


z conclusion, we wish to express our. heart 
‘thanks: to the Hitati Factory and the Huzi Electri¢ ; 


$8. Samonaae: ; Seer east ames | 


(1) At the total eclipse of the sun in 194 
the limb shift of spectral lines has been investigat R 
ina prominence situated on the east limb of th 
sun’s equator. For H; the dispersion ‘used by rs 


(2) The wave-lengths of four hydrogen, | 
ionized calcium and two helium lines were > care | 


(3) In a See of such a dispersion as 
used by us for Hs _ Hy, He» and the two heliur mm 
lines no limb effect can be found.’ For a 
same can perhaps Me said eo a 


Jae * 
‘ 3: : eo - ‘Lae ee 
‘ <i . s 


Table 1. Paes: a5 
Wave-lén eth Correction except Ware eae ey 7 Sup 
that! duis 46 cab ve ey  Perraathial= giep we ie oma TY 
measured etn rotatiant: corrected abe aa | _Diterence due 
(Aas La: hfe Pay eo 
_ 4861.238 0.0025 4861.295 | % 461.327 
—  AM13.119 25 4713.116 | . 4718.145 ~ > 
~~  4471,451 24 4 ag71.449 4471.476 
4340.42 23 4340.440 4340.470 
ALOL.TIS 99  4101.718 | 


~ 4101.738- 


1950) - 


(4) For Hand K something exists that 
suggests the existence of the limb effect. Those 
amounts, if any, coincide with those found by 
Evershed without regard to the eclipses in the 
order of magnitude. Therefore, the values ob- 
tained without regard to the eclipses can hardly 
be considered as under-estimated, as they have 
ever been considered. But nothing definite can 
be said owing to the insufficient dispersion of the 
spectrum used. 

(5) From the wave-lengths of H3, H,, Hs 
and the two helium lines the radial velocity of 
the prominence due to the sun’s sidereal ratation 
is proved to be 2.07 km/sec. 
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On the Solar Coronal Lines at the Total Eclipse in 1943. 


By Tutomu TANAKA and Hirobumi OURA. 


‘Faculty of Science, Niigata University and Rescarch Institute for 
Low-Temperature Science, Hokkaido University. 


(Read July 17, 1943; Received September 22, 1949). 


§1. Introduction. 


The total eclipse of February 5, 1943, gave a 
chance to observe a minimum type of the solar 
corona. ‘The station adopted by our party was a 
a hill near Yubetu colliery, Hokkaido. The data 
concerning the eclipse and the eclipse station are 
shown in Table I. 

These data we owe to Dr. Hukumi of the 
Tokyo Astronomical Observatory. 

The altitude of the sun at the time of totality 
was very low, and this is a reason why the station 
was adoptcd on a hill of 500 metres above the 
sea-level. 

The weather condition on the day in question 
cannot be said to have been perfect. Cloud, which 
might give some serious effect on the result,‘ was 


not seen. But some trailings of haze, peculiar to 


Table I. 

Location Hill near Yubetu colliery 
Longitude 144° 03.4! E. 
Latitude 43° 13.3/ N. 
Elevation 500 metres 
Altitude of the sun 

at 2nd contact iat 4/ 
Altitude of the sun 

at 38rd contact. dla? 21/ 


Time of totality 114 seconds 
Apparent semidiameter 
at time of totality 
of the moon 16’ 37.0/7 
of the sun 16/ 13.3// 
Computed time or 2nd 
eontact 7» 50™ 538s Central 
Standard Time 
Position angles of points 
of contact of the sun 


First contact 262° 5! 
Second contact 81° 382/ 
Fourth contact 80° 4! 


Position angle of the 
sun’s axis of rotation 
ay Sl 
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early morning, might have existed, though the 
outline of the corona was clearly seen. At any 
rate, it is sure that the height of the observation 
station reduced to some extent the atmospheric 
obstruction, which might be produced by the 
atmospheric changes near the earth’s surface in 


the early morning. 


§2. Apparatus and Process of Photo- 
graphing. ’ 

The spectrograph used was similar to that used 
in Syari“). But the photographic lens was altered 
to a triplet made by Car] Zeiss, with a focal length 
of 70 cm. and an effective relative aperture of 
f/6.9, so that the dispersion of the spectrum was 
nearly doubled. Moreover, the surface of each 
prism and lens was covered with a thin film of 
CaF,, to the effect that the transmission of the 
apparatus became about 1.5 times as much as 
before. A rotating prism was placed just before 
the slit, by which the image of the sun’s equator 
was rotated to the orientation so that the image 
coincided exactly with the slit. During totality 
only one spectrogram was taken with an exposure 
time of 90 seconds, the exposure being commenced 
after 2 or 3 seconds from the beginning of totality. 
Immediately after that, four wedge-spectra of 
the standard lamp were photographed on the vacant 
part of the same plate with the same time of 
exposure. They were to serve as intensity scales 
for photometric purpose. A photographic plate 
named ‘‘KS-77’’ (backed) made by Huzi Photo- 
graphic Film Co. was chosen. The size was 10 cm. 
x25em. The process of developing was the same 
as before(). 

As it was known that the temperature in the 
open of that part of Hokkaido where the obser- 
vation post was located averages —10° to —20°C. 
during the early part of February, it was feared 
that smooth oneration of the diverse apparatus 
might suffer from low. temperature. To obviate 
such difficulty, we used the aviation lublicant, 
which is said to have the capacity of withstanding 
the cold down to —30°C. It may have been due 
to this precaution that all the clockworks of the 
apparatus worked perfectly well. Moreover, 
nothing unfavourable happened concerning the 
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groundwork of the observation post which was 
thoroughly protected against the effects of the 


frost. 


$3. Intensity Distribution of Coronal 
Lines. 


In the spectrograph used by us the slit was 
put along the sun’s equator so that the radial 
distribution of the corona lines could directly be 
investigated, though our observation of course 
is to do with the proj ction on the plane per- 
pendicular to the lines of collination. Among the 
coronal lines in our spectrogram, the lines of 2A 
6374 A. and 5303 A. were fairly sharp, so their 
intensity distributions were measured by the 
method of photographic photometry. Regarding 
the line of 25303 A., from the sun’s east limb the 
eight heights were taken, which correspond to 0.087, 
0.18 r, 0.187, 0.287, 0.287, 0.83 7, 0.88r and 0.437, 
where a height of 0.067 nearly equals to 1’, r being 
And from the west limb, the 
eight heights corresponding to 0.097, 0.147, 0.197. 
0.247, 0.297, 0.847, 0.897 and 0.447 were taken. 


Next, perpendicular to these vertical lines, the 


the sun’s radius. 


microphotometric curves were made (Fig. 1) and 
they were converted into intensity distribution 
curves by means of the intensity-scales by usual 
photographic-photometry method (Fig. 2). Since 
these curves represented peaks fairly sharp, the 
slitless correction for the microphotometer@) were 
applied (Fig. 3). 
obtained thus was never simply shaped. Neither 


To say strictly, each curve 
its centre of gravity G nor the maximum point M 
was strictly on the middle vertical line PQ of this 
curve as shown in Fig. 4 for an example. This might 


Microphotometrie Curve of 
A 58034 


Fig. 1. 


pics 
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Width of microphotometer slt 
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Figs, 32 


; drawn at a height from which the parts due to 


- the continuous spectrum of the corona, sky: light 


_brightness B + constant is shown in Table II, ‘where 


be due to turbulence occurring in various ways at 
different heights. To compare the intetisities of 
different heights from the sun’s limb in such a 
ease, it might be the best to take each area of = 
the part enclosed by the intensity-distribution curve i 
and the ground line XX. The ground line was “ 


and fogging were subtracted. Thus the integrated i‘ 
intensities of different heights were obtained. The — s 
processes with respect to different heights were _ 
quite independent. ° Nevertheless, when the values. 
obtained thus’ are plotted against the distance from _ 
the sun’s limb, a quite smooth curve can be : 
obtained for each side of the sun’s equator. ; 

The value of the common logarithm of ‘the — FS 


+3 
pte 
= be 
i 
a 
Rstee 
7 


h represents the distance from the limb. — 


% 


Table Il. : 
East side West eos cose " 
| logis B log, B | log;, B 
| +eonst. | |--+ const. |. +eonst. | 


0.08r| 0.822 | 0.09r| 0.739 | 0.2r| 0.700 
0.18r| 0.842 0.14}. 0.722 |} 0.37] 0.417 
0.187} 0.766 | 0.197} 0.693. | O4r) 0.074 
0.287] 0.680 0.247} 0.581 | 0.5r| 1.878 
0.28r| 0.480. | 0.297} 0.477 | 0.6r | 7.702 
0.88r| 0.190 | 0°34r) 0.872 “Je |<, 
0.387} 0.099 || 0.397} 0.261 Bee 
0.43} 7.766 |/0.44r| 0.280 | | 


_* Regarding the data of this column, Part II 
this paper is to be referred to. zie 


) 


The result is shown in Fig. 5(a). 
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From ‘the above data, it can ‘be concluded : 

(1) The parts of ‘the corona of the opposite ri 
ides of the sun’s equator show somewhat different 
tensity distributions, though those distributions 
‘not. much differ from that of the continuous _ 
etrum of the corona. ai ): 
(2) ‘For the distance of 0.2r—0. 5r from the 
's. amp the stone of ,the curve for the continu-— 


Conti lemons shcfisers cn 
d$303, ware 
$303, eas 
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£301 brightuess)+ const. 
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(3) The intensity is maximum at a distance Fig. 6. 
ir 0. lr or 1.8/ from the sun’s limb, while the ae 3 , ; 
" h ghts,, at which the corona was partly concealed — difference might not occur. The ‘same curve coin- , 
the black moon during the time of exposure, cides also with that of the continuous spectrum: 
therefore the intensity distribution curve is observed by Grotrian®). well from h=0.2r to he 
nuine, were less than 0.06r or 0.9/ from the 0.078r. But, according as h becomes: less tham 
ara (notice Table I and the time of exposure), 0.2r, our curves for the coronal lines become flat, > 
oe Regarding tho line of 4 6374 ‘AS from the sun’s and seem to deviate gradually from that of, athe: 1 
Bt imb - the five heights of 0. 137, 0. 187, 0.237, continuous spectrum. aE on 
ar and 0. 337 were ‘taken. _And the similar , - Rea ee 
lar tae 
Ne 
a 
3. 
& 
aah a = $ : Mae. re eee 
Distance TER ES PSY, Pig. ‘1. ee 
ie. B(b). . on im bs : bee" 
va Ree, 1A _ We ‘aaa nearly the same apparatus and similarly } 
neasurerhent was made. But, because of its measuring methods in Syari and Yubetu, and fo “ } 
ntness, the slitless correction was abandoned 4 in h<0.2r obtained quite different | curves” for the 


continuous © and’ line spectra, the photographie: 
“densities used being» medium in the both cases. 
Therefore this is to. be considered to be genuine. ¥ 
The ‘decay of intensity of the coronal lines being: j 
less for h <0. 2r, the coronal lines become more: j 

Z - eminent at some distance from ‘the sun ’s limb in 
~ . comparison with the continuons ‘spectram, as. cag 
be seen directly. Saye! e ‘ Pesce 
Let us take the intensity of the middl 

of the spectral . line at’ each height asin Gro 
curve, instead of the integrated intensity C01 
above. The result i is shown in Fig. 7. A 


be seen, the curve of the east side i 


ate with ‘that pbserved in Yubetu, as it can be ~ 
een in Fig. 6. poeretore for h<0. 2r also, much 
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that obtained by Grotrian\) as well as that of the 
continuous spectrum. But the result for the west 
side diverges widely. Such a curve can hardly 
have important significance, as has been previously 


mentioned. 


§3. Fluctuation of the Wave-lengths 
of Coronal Lines. 


The wave-length of the centre of gravity of 
the line at each height seems to fluctuate by such 
an amount of wave-length as shown in Fig. 8 from 
each other. This figure can be obtained from the 
intensity distribution curves used in the preceding 
section. Such a fluctuation is perhaps due to a 
turbulence which might occur in the solar corona. 
The Order of magnitude of such fluctuation coin- 
cides with the fluctuation of the value of the wave- 
length which was determined at different eclipses 


and the different observers. This is perhaps an 


A 


—o. $ 0.0. 0.SA, 
[LOTR ASS of CG. from the muclel 
point for the Me X§303 A, 


Fig. 8. 
important reason why the result of the measure- 


ment of the wave-length of each line is not 


consistent. 


§5. Summary. 


(1) For the middle solar corona the intensity 
distribution of the coronal lines of 24 5303 A. nnd 
6374 A. according to the distance from the sun’s 
limb was investigated by photographic-photometry 
method. 


(2) The intensity distribution for different 
lines as well as for different sides of the sun’s 
limb is not common, though that does not make 
much difference from that of the continuous 
spectrum in the range of the distance from the 
sun’s limb of 0.2r—0.4r. 


(8) For the distance from the sun’s limb less 
than 0.2r, the distribution curves of the coronal 
lines are flat, and deviate gradually from that of 


the continuous spectrum. 


(4) The maximum of intensity exists at the 
distance of about 0.117 for 2 5303 A. and of about 
0.17, for 2 6374 A. from the sun’s limb. 


Finally, we wish to express our hearty thanks 
to Dr. Koike, Director of Yubetu colliery, as well 
as several members of the same colliery, who 
kindly afforded us great facilities for the progress 
of the observation. We are also much indebted to 
Prof. Zyungo Yosida for his cooperation in the 
observation, and to the Hitati Factory, the Huzi 
Electric Co., and Dr. Keizo Tamura for their 


financial assistance. 
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§1. Polarization of the Continuous 
Spectrum of the Solar Corona. 

7 The investigation of the polarization of the 
continuous spectrum of the solar corona affords a 
But the 
results published hitherto show remarkable incon- 


capital key to the nature of the corona. 


sistence. Dufay and Grouiller™) found that the 
‘polarization of the corona is independent of wave- 
length over the range 4,000 A.- 5,000 A., and con- 
eluded that the continuous spectrum of the corona 
is due to the scattering of sunlight by free elec- 
trons. Cohn), on the contrary, found that the 
amount of polarization for the light of different 
wavelengths from 4,200 A. to 6,680 A. is dif- 
ferent, and he concluded that the scattering is not 
due solely to free electrons. Thus the problem 
ean never be said to have been solved. The pres- 
ent investigation is intended to throw a light on 
this. Unfortunately, the altitude of the sun dur- 
ing totality was very low (11° or so), the time 
was early morning at which the atmospheric con- 
ditions were changeable, and moreover the snow, 
not very heavy, covered the ground. So a great 
difficulity was met for accurate measurement, as 
But the 
weather was tolerably fair, and the observation 


it can be seen in the present report. 


was carried on as prearranged. 
Regarding the data concerning the eclipse, 
Part I of this paper is to be referred to, 


§ 2. 


The apparatus used by us was a two-prism 
spectrograph, which consists of a collimator with 
a slit and converging lens of the focal length 40 em. 
and of the aperture f/5, two heavy-flint glass 
(named F2) prisma, and a focusing lens manufac- 


Observational Procedure. 


tured by Nippon Kogaku Co. of the focal length 


30cm. and the aperture f/3.5. Next to the colli- 
mator lens, a Wollaston quartz biprism was put, 
The two 
spectra were sufficiently separated sidewards and 


by which two spectra were produced. 


corresponded to the vibrations of light parallel and 
perpendicular to the slit of the spectrograph. A 
diaphragm of the length 3.8mm. was put in front 
of the slit of the collimator and in contact with 
it. And the image of the sun was put in an ori- 
entation, in which the image of the sun’s equator 
coincided with the slit and the length of about 
3.5mm of the east side of the corona is uncovered 
by the diaphragm of the slit. 


So the spectrum 


Pe ee ee ee Se 


a 


f the corona. of the sekat side up “to the height 


m the sun’s limb nearly equal to the sun’s dia- 
neter is produced. ‘For the photographic plate, 
‘KS 77”? plate made by Huzi Photographic Co. 
was. chosen.. 


a Ninety. second exposutte was given, the slit 
being opened to 1mm. This is shown in Fig. 1 
(6). Figs. 1 (5) and (7) represent the wave-length 
-seales of iron-are lines. Just before-and after to- 
; tality, foar sets of wedge-spectum with . different 


Intensities due to a standard tungsten lamp were 


made as intensity-scales by the same time of ex-_ 


‘posure. These are shown in (1)—(4) and (8)— (11) 
of Fig. 1.. 
dependence of the transmission of the spectrograph 


All the images are doubled, and the 


‘on the direction of ‘the light’ vibration does not 
influence’ the present result. The further treat- 
“ment was similar to that in Part I of this paper. 


§ 3. Polarizabilities for Different Wave- 
Lengths. 


‘The polarizabilities for 42 4200 A 
: 5000 A., 5400 A., 5800 A., 
lated in Table I, and shown in Fig. 2. .” 


., 4600 A,, 


Table IT. 


: E ft 

4690 | 5000 | 5400- fe 5890 6200 

Sy Sie ged se bias [oe | 96.) 96 

0.br | 84.3) —- |. 37.9) 87.38 | 30.5 — 
0.67. 5) 29.7} — | 36.8.) .34.6 | 29.7 |. 31:5” 
0.7% 99.7 | 18.6 | 30:71 29:9 | 26,3 32:8. - 

0.87 30.2 | 26.6 | 28.1). 27.1 : 28.6, 23.3 

0.97. » | 29.8 |. 27.0 | 26.2} 23.0 | 21.6 17.7 

1.0r 23.0 | 24.5 | 24.7) 20.0 17.2 13.2 
eB ta ait) BOND, |. 220 | 22.3) 17.4, 16.0 9.7 
Ey ot 25.81 PA) 19.2 | 15.1 18.25 7.9 

1370+ ,} 240-1 20,7. 1b.2.(-18.7 | 10.6 | 5.8 

1.4r 92.5 | 17.6 | 11.8 | 14.9}- 8.0! 2.9 


pel SA Disbionee frord the Sxel¥ Limi" 
Fig. 2. Sere 


2 emitted from a light source outside the earth, 


and 6200 A. are tabu- 


infetion. But, if this correction is s added, ‘the be 
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The sun itself was repeatedly photographed 
with the same polarigraph as we used in the eclipse, 


when the sun was near the position of totality. 


‘The spectra were always polarized in a slight de- 


gree. This cannot be considered to ‘be due to some 
systematic error of the apparatus. If the polari- t 
zation of the light emitted by the standard tung-. - : 


sten lamp which was used by us is investigated — 


- with the same apparatus, nothing similar can be | : 


found, The neutral glass used to reduce the sun- = Be 
light has been proved at many occasions to produce. mn 

no perceptible polarization to the light that trans-_ of 
mits it normally. Thus it must be considered that 
this is due to the polarization of the natural light 


The optical phenomena of the sky near the . * 
horizon are quite complicated, especially when the 
sun’s altitude is low. When a light source of oe 
altitude outside the earth’s atmosphere sends light ; 
through thick layers of atmospheric air, the light S 
may undergo several modifications in complicated e. 
ways. Bere tt 
The polarization mentioned above can be a 
local phenomenon at our observation site, when ; 


the sun is oat very low altitude. The cont of es: 


each morning in the same season is very Fee © i 


The polarization can be naturally assumed t 


sult is fairly simplified. RY 
Let us denote the transmissions of- the tangen- i, | 
tial and radial vibration. with respect to the solar £3 ; 
equator by «#, and «, respectively. We observe. us 
the tangential and radial intensity .of J,’ and I, ! 
instead of Ii and J,, which are those without the»! : 


influence of the earth’s atmosphere. Thus we nee 


obtain 
dy eels 
and MPa shen (oe " 
2 Le Ky if 
-- Therefore Fee oT, | 


For the natural light I,= 1, [,’/I/’ = «|: =1+«, 


where we are able to determine « by the sun’s 


polarization. 


“Table Lis 


din A. | 4200 4600 5000 5400 5890 | 62)0 


o 0.167 | 0.185 0.127 0.135 0.138 0.208 - 


= (1+ aa Aig 
Pe Ger C1 OLAE 
hth tah +i! 


corona become a few per cent higher than the 


Sees one. The corrected curves are set in 


“Ata retake: it can be seen that the ar- 
ement of the curves has been much simplified. 


‘Table pads, 

A-- 4200'| 4600 | 5000 | 5400 | 5800 6200 
NN 965 | 86s | 9: 
409| — | 64) 8.71 45.31 — 
36.5 —- 40.9 | 40.0 | 35.4 | 39.7 
36.5.| 24°7 | 36.0 35.5 | 82.2 40.9 
37.0 | 32.4 33.5 | 32.8 29.6 | 32.0 
36.6 | 82.77 81.7 |-28.8 | 27.71 26.7 
34.9 | 30.2 30.2 26.0 25.3! 22.4 
33.5 | 28.5 27.9 285 | 22-4 19.0 
82.4.) 27.7 | 24.9) 21.38%) 19.5.) 17.2 
31.2 26.8 21.1 | 19.8 17.0, 151. 
29-7} 28.7) 17.6| 21.0) 14.3.) 12.2 


Distance eae the- Sun’s th ceribens 
mig a 


= 


pak are pisnbsier irregularly Seeonains to the 


ae ‘range of experimental errors. If the devia-. 


thie result of experimen 


Whether the variation of the polarizability. of the 


) 


Here the incident beam was aimgit: “perp 


: provisionally assume that these polarizabilities ho 
‘good in the present case. Moreover, consider 
_ the circumstances, we. may assume ‘that in ? 
; polarization the tangential component with res 


1 


‘it cannot be easily decided. Allen) found at the 


. partially covered with snow ‘and not ‘covered. by = 


‘the following is an example of the polarizalbility 


_tions ‘are distributed quite regu larly acco’ 
‘the change of- wave-length, the. polarizabil yo 
ing decreased when the ‘wave-length is. increased 


corona due to the variation of wave-length is gen- = 
uine to-the corona or owes to some other resaon, | 


solar eclipse in. 1940 a’similar deviation. Accord-. — 
ing to his result the polarizability in the middle 
corona for blue light was lager by about 6 % than. 
that for red light, the sense of the deviation. being. 


the same. as the present one, But le. seems. to. 
have. attributed this deviation to experimental er- 


rors.» The following is another explanation for. it, ay ; 


through it is of course, not definite. Sete oF 3] 
. During totality there: ‘might. -have | bene a thi 
layer of cirrostratus (Cs) over the sky, as som 
observer asserts. If 80, the cloud must be ‘umi- 4 


nated by the light from the ground, which was = | 


the moon. The light scattered | by the. cloud. to- 
‘The 
details of this polarization cannot be known. But 


wards us might be polarized in some way. ‘ 


of the light scattered by C,in a similar case wit! 
out eclipse and: was measured by us — es 


J | —— | | 


to the visual line. To say strictly, the conditions 


in the two cases might be ‘different. But let us 


to the solar equator predominated, 


“Next, let 
concider raat the cond s sent. the light 
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“lpufey * Croutlder 


Fig: 4. RS ree 


Vader these assumptions, the intensity. distri- 


. bution genuine to the corona was calculated. The 
: result i is Shown i in Table IV and Fig. 4, ‘The carves 


= of different wave-lengths almost coincide with each 
: ‘other, at least for 0. 6r<h<l. a7 Tra 


: : Points are ‘marked with (®) in Fig. 4. But, to - 
gay strictly, our curve is. somewhat steeper: 


: : ‘Table TV. 
P ~~ Ain Al goo9 4600 | 5000 5400/5800 | 6200) Mean 
—— Fox $e I On| oe) 696.) 96 | (96 
0.6r 35.9; — | 41.6 40.5 | 36.7 | 41.8 || 39.3 
_.0.7r  |35.4| — | 86.6 36.7 | 33.9}44.3 || 374 - 
0.87 > | 85.8 | 81.7 | 34.0.-34.1 | 31.5 | 35.3 || 33.7 
0.9r | 84.9 | 81.6 | 32.0. 29.9 | 30.0 | 30.3 || 31.6 
L0r | 82.0} 28.1 | 30.2 | 26.8 | 27.9 | 26.2 || 28.5» 
‘dr 29.1 | 25.2 | 27.1 28.7 | 24.6 | 22.9 ||.25.4 
Lar’ - | 26.1} 21.8 | 22.5 20.5| 21.1 | 21.4 || 22.1 
L.8r | 22.2| 20,0 15.7. 17.8] 17.7 | 19.4 || 18.8 


The resultant curve is near that obtained by 
‘Dufay and Grouiller), of which the observation 


‘The 


_ ordinate-axis intercept of oar curve at h = 0.57 is - 
almost at the mean height of those due to Dufay-- 


_ Grouiller and. Cohn. ; z 


- Baumbach’s coronal pitanuitiar are fitted +0 


4 the formula Set pre ae e: 


gfe = 0.0532 pn 541, 425 p-'-+2. 565 oH, 


a where 0 is the projected radial distance | fon: che. 


a Sun in terms of the sun ’s radius (i. ee. p= 1+h/r), 


the unit being 10-° of the sun’s central intensity. 


poe or the electron’ components’ are partially 


If it is considered. that. p~2h term or. the. non-elec- 


_ tron component is not polarized, while p-7 and p~)7. | 


‘great variety among the polarization measurents 
_but the tendency is to follow the curve C, as Allen 


“a vivid: resembrance to the curve.C. 


for each wave- length decreases gradually. ‘Each 
_the straight line... 


each h decreases regularly as the wave- length in 


-ereases. 


able assumptions, it can make the curves of fi 


_is somewhat steeper than that due to Dufay and_ 


LRA LE% 


a6ez | 0, F2 LOX ~ 5 = z 
Distance from the Suns Liémh : ye 5 eee 


polarized, Allen’s curve € is obtained(). There Ass 


asserts. As can be seen, the present curve shows - 


§ ve Summary. 
(1) For 0.67 ht. 8h, the pelarienbitias 


polarizability curve does not much deviate from 
(2) The magnitude of the polavizabiity: 1 ‘for 


This deviation seems to be somewhat 
larger than the experimental error. : 
A38):. But this variation might be due to the 


influence of intervening thin clouds. By reason 


ferent wave-lengths coincide with each other. 
(4) The polarizability curve. obtained th 


Grouiller, the value at h= = 1.02 ¢_ being pt ins ; 
oe both cases: 
-(5)- The same curve shows a. vivid resem 
blance to Allen’s curve C. 
(6) At h=0.57, the present ate (40 6) ee 
is.nearly the mean of those by Cohn (54 %) and 
Dale. Groulltes (29 %). a: 


Finally, 1 we etaicen express our hearty thanks 
to Dr. Koike, Director of Yubetu colliery, as well 


_ ‘as several members of the same colliery, who kind- 


afforded us great facilities for the progress Fa eee ‘References. , 
the eo tins We are also much nee (1) CR, a0 (1936), 458. 
Py (2) Astrophys. J., 87 (1938), 284. 
(3) M.N., 101 (1941), 281. 
(4) M. N., 107 (1947), 426. 
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i steeper than those obtained ' in Syari f for ity < 0. 5 re 
and somewhat flatter: for h > 0.67, as shown, in : 
Fig. \l. .The difference might come from the dif- “| 
"ference of the type of the corona in the two cases. 
In the minimum type, the intensity decreases at 

é ~ first” more rapidly ina slight degree aia then more & 


whe. Toral Intensity Distribution 


vi corona, of that ioe was of the 
_ type, while that in 1943 was of the 
Thus to compare the results on the’ two 


slowly in some degree, in. comparison wa that, 
in the maximum type, though the deviation i in the x 


_ two cases is. not large. w it is, considered that 
Ho rds special interest. ig : 
he method uSed in. the present observation < Seah differen ce might oe ite Ete mi 


aera ou the former case. But, in this pes Nae Next, let us. soe we correction for F the ¢ 


aes in the shecaality paper. 
previous notations, we have 


‘in os cayenne paper. ; ae oS eSee 
A. ays ; i, ae a a 

1 the region from, 4 4200 to a 8600 PE pee ae 1+ a) a tas 

wave-lengths were taken. For each wave: ¥ et ca a ery ea re tee 

Thus T Ts a 


st 


é "Therefore, pe Hele F)= forte Key 


lonBt = “ = log B+og ( fe 


For the Gite of the correction, es 
be subtracted from logis apesis 


2 Put k= a where + ay 
a d that they cei with each other, as con- can be calculated from the “mee % 
‘in the ‘report of 1938(1). ae Table II and the data iy Table Iv rin the prec 


On tne other hand, the decay curves are slight- ing: paper. 


\ 
gs 


na Stable 1. 
log, B + const. 


oh Ge Gag ey eae Pe 423 ean6 elie 2.000 | 1.895 1.804 | 1. 
srt rr, 1.780 
oer Sf pe | 2.972 | 2.142} 2.000 | 1.896 | 1.802 | 


= | = | = | 2,465 | 2.252 | 2.113] 2.000 1.900 | 1.810 
=) = | — | 2.497 | 2.287 | 2.181 | 2.000 | 1.897 | 1.809 
— | =. | — | 2.482 }.2.285 | 2.124 |-2.000 | 1.897 | 1.808 | 1. 


en eeinf = | | 9.148 | 2.000 | 1.908 | 1.827 | 2. 
— | — | -- | 2.446 | 2.264 | 2.120 | 2.000 | 1.893 | 1.809 


1,801 | 1.722 


~@ AS50004. - 


© 

®@ S200. ~ OF S00 aoe 
@ 7800 A = S000 ma er 
+ 7400 ey ay re £600 ; 3 

aS _ 7000 Oo $200. : A 

V 6600 

2 6200° ari Peart en Syart 


é Bis. pe 


[iar [ 13r [127 | 4.2r | 10r |-o9r | o8r | O7r | O6r  05r | O4r 


eee ee ee ioe pe Mori a a en ae 
-|yT28 | 16 | 214 | 285 | Sal | 6.19 | 748) 101 | 45 ate 
“ ee se 4 = i f =e 


0.166 | 0.131 | 0.101 | 0.077 | 0.057 | 0.041 | 0.029 0.020 0.013 


0.206 


Igy a +k) | 0. 251 


- ‘The mean een curve corrected is shown values of h, the curye becomes. peer but still 
in, Fig. al by a chain line with marks (e ). sce flatter than that in Syari. ‘The uncorrected oneal : 
For ema values of h the curve of the rela- seems too flat. Therefore, the above-mentioned _ 
conclusions hold good still. 


sides of fis sun’ i ee and of ‘the. s 


are ‘approximately. equal respectively: 
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cording to the position-angle the polarizab 


aa 2(b eee | 

ee! is. (b). lees) . varies to some extent, the polarizabilities 
Polacisability curves for different position- the equator being larger than those 1 near | 
regarding each wave-length are very com- _ From the data in 1932, eclipse, the simi 


Cle v wh i . 
‘ eonelusion ean alse be obtained i in a or 


ferent ba deta: Put off, the data in “1982 
because ey. are sa | meagre for this 


3 W : anplon: 7, 
tted, a series of lines nearly straight ‘can Thus the tapeeeine. of the 
wn for each position angle [Figs. 8 (a) and the wave-length can “perhaps ibe ob’ ed fror 
This. shows perhaps that the observational - Cohn’s data, Its dependency bees ) oS 
sais cancelled, to. some extent te ine ficial. a PP mito at 


of different ae -were chiefly due 


~ = F 1 < 


our Pulersuictmetrin curves the photo- 
braphic density due to the sky light cannot be dis-- 
tinguished from ‘that due to chemical- fogging. It 
is so small that it can hardly be perceptible when 
“resolved into the spectrum. 

With respect to white light, the ratio of the 
5 Pivttnce of square degree of the sky around the 

_ solar corona during totality against the brightness 
s of the ‘total solar corona has been reported by. Sever-._ 

al observers. a 


_ |Altitude) Ratio of the bright- 
iS ia ees ness of square 
' Author — ; of | degree of the sky 
a a eee oe and that. of the 
» . . ., |the sun} total corona, 
- King) 18.3 0.0285 
* Kunz and Stabbins(-| 17.7 | ° — 0.0886 
Bete). 8s 12885 0.0073 
~ Parkhurst) ase ts ~0.0073° 
La Baume Pluvinel | about ae 
pend, Barbier () sealieee) : 0.0156 _ 
| Mean 0.0184 


_ The-first three are regarding the same eclipse. 


Ee perhaps due to the deep snow which covered all the 
; di Lee in the weighbonrhood of the observation 


te. 0.%r 


= Schwarzschild. 


law, tbe intensity of 12.2x10-" is the intensity 


“length from that of white light. 


- the colour of the sky ee around the vias moon: | 


_ Larger values. of the first two observations are 


0.8r 


113: 


expressed by the mean. intensity. of the sun by 


Owing to Schwarzschild’s results and Turner’s 


of the corona at 34.0! or 2.17 from the sun’s limb. 2 
At h =. 6r and h=1.3r from the sun’s limi 
which are the two limits of the range measured by : 


us, the intensities-of the coronal light are 645 pe 


10-' and 73 x10-" respectively. . The polarizability 
of the sky light- might not be zero, but must be 
very small, because the light source and observer j 
subtend an angle of nearly 180° at the “scattering < 
medium. Let us neglect it.. In the corona the 
intensity distribution according to the distance 
from the sun’s limb is common for different wave 
length. So wecan use a factor, which is independen 
of the distance, to get the intensity of each wave- 
In the sky light 


the same can be mentioned. On the other hand, 


case are similar. Thus we can ‘use a common 
factor for the above- mentioned purpose regardi 


the corona and the sky light. This factor can. be 


rage we 0.6r 
 P uncorrected in 76. | 39.3 | 87.4 
 P corrected in % 38.3 


40.0 


S sites. Therefore these values might be too mueh, 
Though at our site the snow was not very deep, some 
‘parts, of the ground in the neighbourhood were > 
as covered with snow.. So these large values are not 
oe to be put oft. ‘The variation aecording to the sun’s 
“altitude is not evident. ‘The brightness of the sky 
in our case was perhaps not so far from the above 


mean value. eae ¢ > 


oe ure 


Ss ; 16 
eo: of the sky light is about 0.0184 x 7X (60). x 2.95 
: x10-7 = 12.2x10-" in terms of the sun’s mean 


‘intensity. Here, in order to use ‘the results by 
ee “Schwarzschild and Turner’s law, we adopted 
z i Score = 2295 X 10-7 JSsun, which is the integrated. 
eo result of the intensity of each part of the corona 


Payal Ge 
84.9_; 


= 


~ reduced in the eee fractions, 


ee If the above mean alte is anak the intensity a= 


2URo77 1.0r Tay 120 les Se 
B16 | 728.5 254 |) 22.1: | is. 8o4 
30.5 27.8 | 24.9 Al. 9° 


83.1 | 


‘We shall omit 


lengths by P; it can be pera ined by 


Prox 646 


645412 and 0.188 = 


= 


: 0.398 = 


or =Po, (ie = 0.400 and Pris, = = 0% 219 4, 
Thus the following table can ‘be obtained : 
In Fig. 4, the uncorrected ‘points are marked withy 


(x) and the corrected ‘ones with (O). we 


According to the above result, the polarizability 


-eurve is not much altered by the effect of the sky 


light. The corrected curve in which the’ polari- ~ 


zability is ‘expressed by percent is raised by about. 


oO Blip Sa with the bs » " 


x Rlaskyoli peed ithe wavelength can perhaps be Sivee: 
. Cohn’s data. 


5 


Zor 


Dicstence from he Sunt s x a 
Fig. 4. 


on the whole, the slope pear iae slightly. Be pete ¥; 87 (1938), 284. eae 
; = (3) HG: Circular (1925), 286._. pot ay 

: < ' (4) “Astrophys. J., 62 2 (1926), 4. Fei ae ee 
Ge) Dittod Ar tei AR Ee Pale 
(6) Astrophys. J., 64 (1926), 273. % A i 
(7) C. R., 196 (1933), 1345. sete 
(8) Ast. Mitt. Gottingen, 18. Ase 
somewhat steep than thosé of the maximum (9) Proc. R. S., 66 (1900), esa hem tae 
(10) M.N., 107 (1947), 426. 


On the Thickness of ‘Plane Shock Waves i in, a . ve ad 
ity oak Gas in. Turbulent Motion. Se wh ee 


By Akira Saxurat, Fey en vies 
3 hess A Ae hak cae 
ia ag Ma ee ar Tokyo Electrical ngineering College Co” Ae 
(Reka Ostober: “1948; Received gs 24, 1949). a 


i 


ana terbpara tite: can exist in an Misal? 
mressible fluid in which a relationship due to 
1e and. Hugoniot is assumed, Also it is well 
ae that dissipative. forces such as _ Viscosity, 


conduetion: and radiation are capable of. . ‘ainount, of tcirb : 
E laining the maintenance of a. shock wave of — be e broadened by this 


’; = t +i : =? r! 
nent type which has a continuous layer of et is a much inte ty th ; 
ion es finite hago But this theoretical sek “whether a ‘plane disturt 


type i in the 1 mean, cai 


: gas. In this. ‘paper this ques io 
Now’ it should be noticed that in the theories and answered in the 


“vy 


: and the ‘equations ge the dynamic equitbrian 


ge Om rove) xe WG 
. : Ps 
mS and two similar equations. pee) ate 
PS “, 


oun) = = 0, @) 


_ turbulence is so violent that the effect of viscosity, 


; In the absence of these’ quantities, ‘we must take 
the relation between p. and 0. of an ideal gas to be 


-and-o are Proportional to. eo) other, so that 


_ where C, is ire velocity of sound. 
ft Ea _ If we take the mean values of these equations 
over a long period of time and assume that the 


mean flow is steady and its" direction is. parallel to 
: the axis of x, then the “average state of affairs 


_— 80 that, identically, Cege ua hat 


y- 


% "relation @), we have, dart ee ie 
s Z z 


es A, B, Opp are integration constants. 


diet 


Now we separate the values u, v, Ww, p (of . 


3 EF Eeourse: a, m@=0) and superposed fluctuating values 
4 as. v', wl, oe’ and we substitute atu for u, v! for 
&, wl for w and bor for 0. ‘Then (4) become 


r. respectively, Sg ER tes se 


ae yee 2 ous 2 by (oo) a Pee = 0. (1) 


It is assumed here that the mixture due to 


; “thermal conduction and radiation are negligible. 2 


z adiabatic, ‘but, for ‘simplicity, ‘we assume that p 


eR op Cie: ake (3y 


—— 


“may be supposed to be ‘independent of t, y and a 


the second onder es in PLP, 31/0b- 


dou deuv Ap+ov) douw is aoe 
ae RPGS ty G2 te 
~ "where rhe bar denotes the mean value. 
EC Henee | @, @: become : 
Shee i : tras ew f 
ou lest — Opuy _ ,. Oouw 
Ot age Ox =o, Ox en Ox auik . 


“Integrating these equations and substituting: the — 


stata nO is also she mean daily at fa 6 6); then if th 
pu: =A, Cho ow = B, pi = C, euw =D, (4) 


es terms in the Taylor series for @ are retained, 


ia 


bt+elul = A, 


y 


COLO +PUur+20 ow ipur=B, — 


, 

Ould! +4 ple! + pluly’ =C,. 
‘6 ulwl +t owl +elulw! = D. 
Because of the symmetrical! property of th 
ol, the 
expressions o’u/, p’u’v! and p/u/w! may be zero 


distributions of fluctuations w’, v/, wi, 


approximately. And thus the equations are trans- 


formed into © 
Piteu =A, | | 
CP i= Da +2A T+ 0 uh OE 
0ulo! La oly = C,- vy i rs \ 


p ae! owl =D. 


pee ws. SiS 
aes ij 


We can find a relation eee 0 and. a 
method” latmnilar to the “Generalized _ ‘vo 
of ve Ty Taylor®). 


transfer theory.’ 2% 


gian ‘equation of continuity 4... 26 


t 


O(a, Y, 2) 


LAr where J= 8(a, b, 2). 


If we put, “— Pete vu —b=m,z—c=n, and neglee 
, we have 
iron (6), 


mean motion ' is steady. and only the first = 


s 


ee SMe een if 


Substitution of this equation in (6) gives. 


=o a 3 re Z RS . ae ee 


: -—, Ol 
= P42 oy 
12? 
7 Ox 


Tl e second term on the right-hand side of this 


ae oe the variation is: ae due to 


Kinemaite Viscosity. 


dit 


whe alae 


:dx* 


or simplicity, we adopt the relation (7)* for of, . 


a 


; 
we 


“Then the equations APY become Ba 


! (5) and consider 


which is defined a as ES pee 


K= dit = (w—a)y jaw * we ti 


wie f 


at 


ae f xy 


(doa . ae Sy te 
ot—K de” =A, ie oh te 


C,20 — 60? “An Ge = 


<r 


x ~ 
~ 


Hliminating ue hors ‘these equations, 
equation foré: ae 


C,20 - Bo+ A? take ie 


wt : Lae = Paty J 1 aoe v C+ 


a ee 


"Then the equation re reduces to ne 


RAC Up neue poo, 


Seihete M is nothing other 


of Be gneoeee. flow, eae 1 be a 


LY 


= oe 


= 


the term in (KIC, th tt ky “ i 1 oceurs, bog 


- G) & 


- and that at the, ‘second foil 78 degrees. 


Introduction. 


‘Tt was first shown theoretically by Motto. that 


variation of the intensity at the second scattering 
with the azimuth is- expected. 


> be fulfilled in “order to, realize the polarization 


able with the velocity of light, | by BPN 
‘ 2) The atomic number of the scattering atoms 
must be large, so ‘that (2/137)? ~ 1, 


e. comparable with 90° Dato 
A). Both seattering must be eangte attorney. 
Dymond, Thomson ©) and Richer(? have each 
rried out experiments to verify the theory. 


no ‘polarization effect was found. Accordingly, 
several causes were examined, such as the effect 


the erystal lattice, small angle multiple seatter- 


ings of electrons. in. the gold foils, but none ‘was © 
‘successful in explaining the discrepancy between 


‘the theory and the experiments. (°) (6). 


t am was. scattered by a thin gold foil placed at 
an angle of AB? to the incident beam and the beam 
" 2a ittered back to the side of incidence was examin- 


Bk A preliminary ‘report of this paper opened 
hys. Rev., 75 (1949), 1762, 


hen high energy electrons are scattered twice at 
right angles by heavy atoms such as gold, a 


“The conditions 


“a The eianie of electrons must be compar- 


2 8) ‘Both angles of ses Pn ete large 


But .- 


i In ‘their experiments, the incident “electron 


_ Polarization of Electrons". 
By Kenichi Suinowara and Norio Ryu. 


: Department of Physics, Faculty of Science: Kyushu University. 
(Read April 1949; Received Aug. 17, 1949). 


Abstract. 


An experiment was carried out to find out the palarization of electrons by double scat- ’ 
tering. The scatterers used were gold foils of 5x 10-° mm thick and the energy of electrons _ ne 
: ranged from 45 to 92 kev. The ‘scattering angle at the first foil was [taken as 90 degrees re : 
Polarization. effect, as predicted by Mott, has been — * 
sae found, though its magnitude was somewhat smaller than that given by the theory. The 
ap. values of 200 3 obtained was 3.6 + 1.0, 4.0 + 0.9, 6.8 + 0.7, 9.0 + 0.6, and 9,1+ 1.0 for the ae 
a electrons of energy 4 45, 60, 70, 90, and 92 kev, respectively. Bee 


tion side a large number ‘of electrons which 


~ electrons scattered twice by nucleus changes great- 


suffered two successive large angle scatte 


zation. Transmission side must be used. to. 


this plural scattering. The calculation carrie 


ig 
by one of us also showed the Greist of es 


the electrons of 400 kev enero 


‘ The last of the four conditions mentioned, ? 
most difficult. to fulfill, especially when the obser- K 
But t 


constancy of the energy of the electrons is also 


vation is made on the reflection side. 


Since the polarization effec 


to be expected is rather small and the number of 


an important factor. . 


ly with the energy, a large error might be intro- 
duced if there isa slight change of the accelerat- 


ing voltage during the measurement. In this paper, — 


an account will be given of the experiment which % 


is carried out with the object of avoiding those — 


_ errors. 


Tate Be Mh veg 


2. MEE a ened’ ‘and 
eee. ety, 


Pro- 


ne 


ie microammeter and a resistance of about | 


ohn 


ee 


ine and sats 10 pereent aleohol orn contain- 


} A 


ta nalyser (au) ae 


hie fell. on the ret gold foil (polarizer). This 


i having approximately an elliptic hole whose longer 
4 horter axis are 6 and 4mm, respectively. The 


as placed at the transmission position, coe oe 


‘in Fig. 1, with its. normal making an angle 

to the ‘incident beam, and the longer axis 

‘the hole being kept at 45° to the incident beam. 
tne ‘the diameter of the slit S, was 1.5mm, the 


un falling on ‘the foil. did noth it the supporting 


inium plate. The electrons ‘seattered at 90° 


he polarizer, passed through “two slits S, and 


° ; 


' , 


er foil was supported by an aluminium plate, — 


aluminium plate, whieh 


at an eal shee of the experiment but was 


changed to 0.75 mm for the reason stated b 


aac the’ diameter of. bia was either nik bs 


; placed at the positions anion in Fig. Bie to 


electrons. The slits before the countel 


"limited the ‘path of the electrons so that only: 
scattered at an angle of 78° oe centered | the « 
; ters. 
: & : the siege was = kept helow 360/min. 


Two seale-of-two ‘counters were 


ye ‘The base of ihe erm usin: 7 
polarizer — wae made of aie ” brass tub and | 


jax 


trot the RYT foil. The use” 


’ ~ diameters ite i a ‘extensions » 


ing the ; inner. acta of the « 


Aya 


the emission of Xray. 


» 


joint G, aa. ‘the weer of ‘the 
be interchanged and at the me see : 


counters and the 
geometry in: » this 


Table I. Values of 200 6. 


¢ -2, respectively, skepmaine to Rechey of ; 


aah yy if, ‘now, ‘the panies foie ns eae 45 60 70 90 92 
: .. (kev 


‘  Experi- .3.6+1.04.0+0.9 6.80.7 9.0+0.6 9.1+1.0 
“ ement: 
Theory 
5 - Mott) 3.0 6.4 9.0 13.4 
a 2 {hae ‘] aed) seh) Se a ipritusee’ ‘un Cae PELE te ate 
Rimmer carne", Obey ey Wear and 8.3 10.1 Ga PASS var Bb 
rea ee cay _ .. Watson 0) ' Sea ie 
a Massey 
mambead Wt ya ae and 6.6 1034-195 BB 
a er Mohr _ jo. 


“Electron bean 


Fig. Ze Pieters) and intensities 


4 of the seattered electrons Nite 


er og} ay rales 


From the measurement of a and y, ie magnitude \ 


u 


ve polarization can be obtained as : ‘ 


LOO UE cs 


y 


Ngati Gilka Oy ris dah ee desir 
or the Oe eke of “energy 45— 92 ken! obtained’ bineier Fig. 8. Values of 200 6 as'a funchon kad 
is d scribed. above. The aN, values. are of the energy of electrons. Curves show — 


the results of theoretical calculations. 


§4.. Possible Sources of Error. 
Aes counting alone, The curves. in Fig. eae Foowine causes can be considered as the pos 
sible sources of errors. me 

a, Effect of the unsteadiness of the accelerat- 
ing voltage. 


a 


“The eross section for the scattering of ele- 
ctrons by a-nucleus changes proportinally to E-3, 
‘where E is the energy of the electrons. There- 
fore, the intensity of the beam scattered twice is 
propotional to E-1, and changes greatly with ‘the 
accelerating voltage, In the’ experimental method 


a, 


% such as used by Dymond and Thomson, a slight 
change of the accelerating voltage during a course 
of the experiment can give rise to a. rather large 


rays which reach ihe? Ra ee To sto 


error in the result. In our experiment, it was not rays, more bag 4cm of lead was placed bet’ 


possible to keep the accelerating voltage constant “ Si and the counters and more than ,2cm of 1 é 
to within 1 percent of its value. However, since between S, and the counters. The counters 
we used two counters placed at symetrical posi- further shielded from those. X-rays by surroun ing 
ons to the analyser foil and counted the seatter- > them with 4mm. of lead. ‘X-rays origina i 
> ed electrons simultaneously, no such error could the neighbourhood of the analyser foil was p 
be introduced. This arrangement, moreover, had — ed from entering the pouneee by splacing in 
he advantage of avoiding the ambiguity caused of each counter, two pieces of lead as sho 
y the so-called refleetion-transmission effect(’) of Fig..4. The pieces of lead placed in the se 
oertzel and Cox. © _ ing chamber was always covered. with thin 


s 


b. Multiple Scattering. pie * ebm plate to reduce stray electrons. "These 


: ‘The effect of hs aoa ssa from pieces are not shown in Fig. 1. = od 


a theoretically by Rose and Bethe. It exerts 
appreciable effect when the thickness of the 


e is another kind of multiple ‘Seattering, or 


er 7 


‘ather Dae Vee ake composed of two rg 


ion Berm but in some cases. “This kind of 


al scatteaing is senna of one seattering of 
at an angle of re whieh brings. the scattered 


ded by another seatteritg of 45° or a giv-. ES. F ig. 4. "Dingram of the counter 
a ‘total deflection of 90°. The electrons suf- its ead shield. 
1g such plural scatterings are mixed in large 
1umbers when the foil is placed at a reflection 
osition and were probably mainly responsible for 
masking the polarization in the experiment of 
Dymond, Thomson, and Richter. In the present 


« 


_ experiment no such scattering oecurs at the analy- ; 
r foil. At the polarizer foil, its influence cannot 
uy be excluded but is very small. A rough ‘ealcula- 

tion shows that, for 40 kev electron, 15 pergenh, of 


single scattering. If the electrons originating from 
ar Seattering are completely unpolarized, the 


fae Bitsy 15 percent. For electrons of high energy, ‘the % 
- effect of such plural scattering is smaller. 


hee. X-rays and Stray Electrons. 


at symmetrical positions of the axis. The height 
the polarizer foil, which is the most probable 
ree of error, as is already pointed out by 
‘Dymond, were made adjustable. Fig. 5shows the 


: \ 
Ae 6.8 mm = 
foil bien 


Fig. 5. Height of the rial ie: and the » 
‘ae value of the measured polarization. 


foil ee 


sult of the polarization measurement for 60 kev 
BR at various height of the polarizer foil. 
[f the foil is too high, the part of the beam com- 


Pa 


from the foil is cut off by the upper edge of 
_ and the rest of it passing through S, and. §, 


ae A smaller apparent polarization re- 
i mits the foil is too low, a larger polarization 


= : ‘The number of counts naturally decreases 


reatly if the foil is too high or ‘too low. 


bis the ‘avalyser foil at some point lower than: 


ee 


part. giving a constant polarization shows the al- - 
lowable rahge of the position of the foil. A smaller 


slit for Ss. gives a more flat eurve than a larger 
a ‘Therefore the diameter of 8, which was 
ken as 1. Das at the beginning, was later chang- 
a _to 0. 715 mm. Fig. 5 shows that the allowable 
range of the’ position of the foil is about. 0.8mm. 
This is is ‘what. to be expected from the geometry 
4 the apparatus when the diameter of S; is taken 

3 0. 15 mm. _ The values of polarization marked 
ith & in n Fig. 3 are obtained when the foil is placed 
high by a 0. 5mm Na de aa to the 


Se ee ne Oa e tan 

! 12a 

§ 5. Discussion. | : % 
Our result shows the existence of the polari- Ry 
zation contrary to those of Dymond, Thomson, and _ . fe 


Richter. 
theirs, since the plural scattering would probably 


But our result does not contradict with 


have masked the effect, as is already stated above, a : 
in all of these experiments. The possible change 
of the accelerating voltage during the measure- __ é 
ment also have probably influenced the experi-. 
ments of Dymond and Thomson. 
The experiment of Kikuchi(), which claims — 
to have obtained the polarization completely agree- Goer 


ing with the prediction. of Mott,@) uses a thick | 
gold film of thickness 10-2mm as the polarizer. Bee 
As this films placed at the reflection position, 3 
plural scattering would have been even far more ; veo 


abundant, in this case, compared with the experi- 


In does not there- Tee » 


ments of Dymond and others. 


- fore at all conform to the condition (4) elven ae 


4 


‘theory of Massey and Mohr. 


-erease the effect to be measured as the polariza- 


reduction in getting the polarization from the aa 


above. 
The TREND of Shull, Chase, ate Myers! aes 
uses the transmission side and obtained, for the © 
400 kev electrons, a slightely larger polarization 


than is predicted ‘by the theories. Their results 


are in accord with ours. But their method of. ‘3 are 
measured quantities are rather complicated and ; 
does not seem to be free from introducing some st 
error in their final result. Broer() has recently ws 
pointed out some inexactness in their results. — 
Trounson and SimposonJ*) has made some improve- 
ment in their apparatus and obtained 6.8 as the : é 
value of 200 6 at the same accelerating voltage, 
which is about 70 precent of the value given by 
the theories. . 

The value of the polarization we have ob- 
tained is about half of that predicted by the . 
Part of such dis: 
agreement may be explained by the plural scatter- — 
ing at the polarizer foil and by the fact that the 
scattering angle at the analyser foil was 78° 3 3 
instead of 90°. The first cause, however, can de- es 
tion by about 15 percent at the utmost for the 
40 kev electrons, and less than that at the higher 
energies. The effect of the smaller angle of 
scattering at the analyser is expected to reduce 


he ; aifferstice: a between ‘theories hoa ‘the experi- 
ment but the theoretical prediction as stil lack- — 


ing on this point, erik e) epee: | 
This work has been supported by the Seientifie (7) G. Goertzel and R. a Cox: 
Yn esearch Expenditure of the Department of Edu- =» 63 (1943), 37. 
' ices Re i ae, (8) G.'G. Shull. C. T. Chase, iid F. Ba 
Nee Phys. Rev., 63(1943), 29. 0 | 
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i A ms 3 ie i (Abaca 


i “The electrostatic energy aie of the ‘Sndamesct ees 
calculated by Racah’s method of tensor operators. The results. tl 
tion were Semper with the ‘observed values by J. Cc. 


t {se 


Caleulation of, as Matti Blements._ 


; C3 References 1 will be BS to, cin the. “ees 
peeing as RI, RI and RII. Also see bc rps Prataiion 


ms thes ‘matrix elements ie matics of War, Pp) 
for ‘mS 21+1=5 are obtained straightforward, pane 
oi almost only by evaluation of the values “of | W- 
functions defined in RII**. For n ex being 


a more than five, i.e. for the so-called ‘ “almost closed mys 


shell” configurations, the matrix elements of os ae 


and vC*) are connected with those of their, “ con- 
2 mul), von = = Ba, Ra (ey = spt, jugate” ‘configuratious by the formula (i) in Pe: 
; RIL***, which shows that we simply have to chang . 


the sign of all the. tensor of even degree, i. ee of ; 


Ce and ven, in order to. oni thes energy 


all a) Ww = bur nin EY ay ae calculated for all x watiee but we need its 


rt 


a) is the oretant. “multiple of the angular mo- elements in oSL scheme. 


vector t; “both are related together as 


8s WTA 1 \ 4 (1 eile 
1s . vutFT) +I. nee sively by the formula 


he | ¢ matrix of. ue) is therefore poe with 


i. (SL | W(d*) | iy SL) 
espect to S, Land the seniority numberiit v, and - 


= (nCo/\n- 1C. 2) (uSL | W(d"-1) oo) 
endent of s and ve The clement? p are eiven, . EN sae C) = SbosL CP (Sib 


: ve PF dee 

Sie ear Ds Ae DY MAE en athe asd Camis Cat a Wa) |b 1y,!S,L,). 
L(L+1)(2L41) XE; 'S,.L,) LSL Dir/SL).. 

2 z 7) 2 L 6 baits 

C WSL Ne -_ vs. t) = a WOLD : 


‘The elements for d} (or a ane ai F 


e matrix 0 in Table I afd II in terms of the param ter: 
2D and. depends on S, “not on n. With the AS RE 
eee ie : = nC; (Fo (d, d)— 497, (d, D), 


ails a2) = 76 /2, Hi - Racah has eladsiea 1 by his own method the | 
G2 ii Si| (3/2) = WARS ach, hy energy of ap and @ j and compared the ‘rest ; 
a 2 “i S i Sie yee ayant ae the. observed values Of Ti II and Ni I. 


ete. 


tana and” “ais by A. _Amemiya() by the same met yd. 
Y IG: s!) | b> (Sib) Vv SL) ; Recently F. Rohrlich®) has calculated also for « . 

‘ay a(S; roe for S= S.—-1/2, ne "dp and other configurations by means of Racah’s ia 
fae S,f2 for S= = Sth. ii method. In this paper we have ealeulate i. a Hi 


meee elements ot ve, viii) and, vo) 2 were Hs 


energy levels of d'p with the observed ee. 
J. C. Dobbie') for Fe II, 3d*4p (in ee 


\, 


41 his Table XIV (RUL, P- 915) the elements  *™* See Referchce 1, II, §3. esis 
5F, and 3'F—3!G seem to be misprinted, .  *** See Reference 1, I, §6. ag ‘a 
fe jase oF_8G and alta are. correct. *ex* See Reference 1, III, §3. Ry ee ee 


“(The prefixes of ihe term recat express tbe. seniority numb 
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| Abstract | 


“determined in this paper, and the: electrostatic energies were ¢ reealeulated pers ¥ 


“Wes, 


A real ive matrices of the spin-orbit inter 
G. Racah hae established the theory of the configuration ane calculated in 
re of the equivalent electron | groups in his @). In ft, as Racah ha 
per*() on the theory of complex spectra. . terms of the same kind can not 
d of the coefficients of fractional parentage by seniority number ane and 
the seniority number v, he gave the ‘matrix. ; unspecified’ Parameter « ror 
ts of the symmetric tensors Ut) and vary electrostatic energies: ity 
” and a configurations, which are available hss vaSL scheme. } ae a 
the calculation of the electrostatic energies: , § 2. ‘Coefficients 
saa such” as pl or dnl by hia. . | of i RS 


<2 


: ‘The | coefficients. er? ; 


I is are obtained: in this avucle i) and the 


‘ R ‘the states in which 
3 ad RII in this and next papers. i i | at first coupled and 


onstructing the Ge g SL of f3. as a whole. 
se coefficients are so determined as, when the 
T fuction’ of f*(«SL) are expanded by those 
rresponding to the states i in which, by this time, 


m SEN" of ff and then the first electron is 


e last two. electrons construct at first a definite _ 


added to them, only allowed terms in f? may 


appear, that is, those for which S’ +L" = odd 


a 


nish. Thus the homogeneous simultaneous equ- 


ations determining the parentages are written: 


as: follows : ne st niet 4 


ag (f'aSL if 21S! LI )fSL) ee (sz! \FSL | 


7 re PF (SIL) fSL ie Sf (s’ Us OAs ', SL) are 


coefficients between. différent 


ansformation - 


are expressed. in general by W-functions defined 


the 


upling schemes of three angular momenta and 


A ALNS, SL) =0 for S”+1/ = odd. (1). 


by the formula pe) in Racah’s ood papers as © 


follows: 
i: + 


6.3, OID urn, n= = (2+) er41yF 


therefore, the seniority number v=1 and 8 


e 2 at c oa , * 4 ; Ane > - 
With these values, the equations (1) for the C.F.P./ 


_ (coefficients of fractional parentage) are solved ; 

the number of independent non-vanishing solutions “3 
for a given SL depends upon the rank of the 
matrices of coefficients of the equations and equals. 

the number of allowed terms of the same kind ae 

in f*. Thus for each of 2D, °F, °G and °H two 
solutions are found. For the case of °F it is!" 


_ possible to choose them that the C.F.P. from tbe y aa 


state Aa GS): (fv *F {f/f CS)f °F) is not zerof or 
the first solution, but zero for the second. Hales oe 
the C.F.P. (fv°F Uf CF), f? GS), 2F) is aio not 
zero for the first, zero for the second; they have, 


of the same kind. In this - paper aie pair’ of 
_ terms is distinguished by the parameters % and ae 
in such a way that for the states 3a?D and 3u°G, pe 


the C. F. P. from the state CE): ¢ 3802D (if "@P), PD. 


ey eS < WG ee: TR Ce etc..are not zero, but for the states 38?D and 38°G ae 
* SAC aN So they vanish, and for the state 30°H the G FP, yt 
¢ (S’ LN fSL ah (9D ), SL) oe _ from the state f?(1D) is not zero, but for 38:H 
= = [(25"- +1) (28’+1) (2L/ +1) 2B” t +17 pay it vanishes. Results thus obtained are given 
es we 2S; S/S!) x W@3L3; LL"). (3) Table I (N denotes the normalization factor). 
ASE Table it The Coefficients of Fractional Parentage for /*. . er 
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0 0 Ht 


of fe ia” ‘waSL scheme. — 


matrix elements of - the electrostatic "Table II. ‘The ‘Bleetrostatie nerg 


wf) in veSL scheme are easily cal-_ , ei in vaSL scheme. Se 
: ee Ba Dp 
a i ate ie a 
‘ | 3% :D. 3A—3B+213C/2+3D 
frees | 2. ‘elra\ frtelS1) Es 3B°D | 38 Coe sat 


eRe 
Ay SOB 1050490 


a 


: . the authors" secene paper 144 “On the . 
q a Ee of the pecieeraus a iy ap and 


‘| | = 18-350 


¢ age 69, for °H 6 instead a) Be in Table 
efor °F is 451360 instead of 405600. 
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‘Abstract 


- Utilizing ie C. PP. ‘tor f3 keruis obtained in the Phaceiti article. the ners 


of the ‘spin-orbit interaction have’ been calculated in (vaSL scheme, The results 
would be erplieaple to > the wee of Na atoms. ipa tel at a 


i 
4 
" ? 


iene the W-functions are the same as 
in (2) of the Precwing article @. ek 


by th the relation 3 in RIL for ie = 3, 


‘ 
M 7 


i oy a foe Sh Li) fSE)_ os ‘Prof. M.. ‘Kotani has also. obtained. alre: ad: ate 


the matrices of the nO interacti nm 
ox f Bre (@S.Li)f SL a te: mal SILI) 
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: Introduction; 

_ It has been ascertained both theoretically and 
experimentally that the negative oxygen ion should 
exist in the’ upper atmosphere. ‘The negative ion 
is believed to be formed mainly. by the electron 
attachment to the oxygen atom. The ion thus: 
formed i is stable at night, but is broken down and 


emit the electron ‘by the solar | radiation in the 


ay-time. ahah cae fd bee aH 


a the fionosphere, the. number of free electrons 
is the important factor, and the ‘role of the ne- 
gative i ion should be related intimately to the vari- 
ation of the number of free electrons. It is \re- 
Ported that the reflexion, intensity of the radio 


wave ‘increases, when meteors shoot into the iono- 


sphere. , It is probable that free electrons should _ 
be released from negative ions after. the path of 


meteors. 
‘ 


Reieches the negative ion, i. e. by the solar radia- : 


tion and the collision of the other atom or mole- . 


cule. 
amounts to the order of 10- mat em? according to 


the calculation by Prof. Yamanouchi(). Quantum 


mechanical calculation of. detachment. probability 


by collision. is difficult and not carried out yet as 


far as the author knows. But the approximate 


calculation is possible on the collision. between 


the ‘electron and the negative ion. 

‘The theoretical formula and the computation 
of the wave functions and their. OMe GY 
have ‘been published in the former paper(), “ This 


report will give the final results, that is the cal- 


culation of the cross section for the electron de~ 
poet: ae A Jeon ye, 


Crow 38 Section. 


‘ 


Tonization of the Negative Oxygen Ion by Electron Impact. 
By Masaru WATANABE and Jun-ichi Mupa. 
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To speak of ius reflexion of the radio-wave ee 
electron’s velocity k: 


Tee hse 


There are ee processes that the aN electron 


The cross section of the former process — 


L and S are the orbital and spin angular momen 
of the ion in the initial state. 


and Ss= es 


_ pressed as the square and -procuet sum of double 


Il. 


O- tae > O-+e/+e!! 


Using the perturbation method: the probability 
can be expressed asa sum of elementary iro 
cesses(): 


" IEP Fi Laertie! 
sea, 2 ee © @. 


(2L-+1)(28+1) 


where k’, k’’ are the velocities of the scattered 
and ejected electron respectively, which satisfy. 


the conservation law of energy which the  ineiden 


OF Recto tensa 77 


l, Uv and 7? mean angular moment a of 


several examples are shown in Table Bs 


Table I. 
1 a area wr 
2 t oe =F 
Hitec | 2 0 0 
oO 0 eee fet 
vept 0 0 1 
at 1 1 0,2 | 


In our case L= aL 
V,""”’ means the partial cross sec- : iE 


tion for the allowed transition and have, ‘been ex- 


integrals, including the radial wave functions of. 
free and atomic electrons: ~ : we 


Ex(2p, kV; kl, ki’) : ’ KS ed 
= (even dye lrdynlradyeradrddridry i 
ef (a) 


(*) All the physical quantities are measured 
in atomic units, uncless otherwise mentioned. 


: §3 as Bediciin, of the. Integral 
zs puierocet Faoation: trae na 


, : He expressed the integral as follows: 


bs 
rokt1 \" ‘rtyandr 


evi deusdr} dr. eal urys{ uy} dry.) 


“allée = e+ DE van. Ke 


: “Next we dttack: J-equation (9). This ‘can 
"treated as before, but we need not So: J se 
" parately, but. I+J 2 as the final results, 50 t is. 
“short-cut. to solve the ante ee I 


ee 
hae = 


at) _ 
Sees 


ae 


hon he : sol\ red these equations witb. appropriate 
aditi . But, with these devices, the labour ee 
um rical integration is not’ saved in any. 
30 much time is “required to. get the , Mees S ont re as Sat 


“ A ae 
p Case 
) f 


"Near r c= = = 0,1 ~ re ae and J 
With the condition ae 


fore, we muste calculate | 


xe 


ec 
a ine ‘is the eiverter ‘thol and we: ‘have a 
ian the. OR, ASS analyzer. Uae 


large 1 ne 


c pale o= : log Fs: because not. only? the sin- 
ri iy at the origin ‘is ‘removed, but alg ‘the 


» 


“enti f-s-40, o Bi 


obtained. i direct integration of Yoys by 
Simpson’s rule. The equation shows that: I de- 
rease as exp {- ebay & roe for a 6 or 


ts (*) ‘These equations are slightly different from. 
he original form of Hartree’s. 


e@ inverse rotation of ‘the: axis ve 


peas input tabla are © required, one 14d n Ey 


a ‘other YY The former is given in “scale of. 


By ‘and the latter in r, To save trouble: to tra S 
form. the scale severally, one integrator is avail 


able for generating rae, The integrator. on. 
‘the right side end is to adjusted the scale factor 


of the exponetial ‘function. ; 


4152 


SII)4 45 ar 


Fig. 10. Schematic Diagram for Integration : 
ms SyrystI+J}dr. 


The values of the double integrals thus ob- 
tained are shown in Fig. 11 ~15. — . 
80 integrals have been computed in 4 days. ._ The 
effective time might be reduced to half of this 
record, if we could save the time spent in repair- 


AS -' ing the broken belt of. the amplifier, radiating 


the heat generating in the amplifier, or mis-sett- 
ing in the initial condition. 


Masaru WATANABE, and Jun-ichi Mra. 


Fig. 15. 
§ 6. Results. 


The main features of the results are : 

(1) p-pp cross sections ane. extraordii 
large. yc a 
(2) for small Jaauey the probability that tw C 
electrons go. out with ‘same velocity is large. - + 
' Summing up the partial cross ‘sections a nc 
multiplying the normalization constant and 0 het 
numerical factor, we obtain the jelectron detacl 
ment probability against the energy of the: i 7 
cident electron. In Fig. 16 the abscissa and ' fl 
ordinate are given in usual units. - 


« - 


a 


petty due te the anomalous 


ee _ ji y occurs when : ‘the electron 
fig " ; 


aK 


asiattn g: ay numerical computa 


a/ 


mi chan eal. operations. — ee 08) &\ 


av ‘G aisle of free éleetron 


a 


and orbital angular moment 


> an be expressed as linear combinations of 


forants Rae ie pei 


ck 


‘The only integrals we must so dale 


Ver. hen ee 


¢ 0100; |; a sie fa a th 


ial field ve) satisfy t the Gomes of, 


| is es cos Siete sin fo 
ear ate een 
Similarly ia ROOST eee rie 
dds  entheeos Be 5 ~asin 8k) glk. : 
dk : “ PK? egg a 


Again integrating as to k, : ain ee 


ae Sadly = ae ‘file dl Gu 0 fot be 0 


‘integration after -all, our method here mention- 
ed have ‘several avdantages. 


infinity and it is too lengthy and tedious to inte- 


0, 9340 $95" 
kd j 


p w= - a (P+esGuar, 


Ins = \ —e% sin krdr, 
Js 7 \ A 


and — 


ipauiioeeet 
Ine ={, “et” coskerdr. 


“Integrating by parts, we obtain the 


Al peecin sh a ) 
yea (Spare Le -48ha3)) 


Oy ek peed Nay) Bae 


, gee es cosh 
nis dine ine n—1 ( 82-1 


fp cear 


Wie a= =. $ ei a sin Hades 


Papell vet F 


Me bs ae a cca ; 


iu \ 


' rt 


. om o (tod + Arlk = 0.) 


Jill i= Qs ag er /rdr are tabulated as logarithmic 
-exponental, e.g. in Jahnke-Emde’s Table. 


Though we can not dispense with numerical Pe 


At first, if we in- | 
tegrate Ji:, Ji. directly, the range extends ‘to 


s - grate until the integrands vanish practically. “The i A 
transformed. integrals are’ finite ones, and easily ~ (9) Watanabe, J. 1 
pene as with accuracy as sega Seed 3A! 203 and 208. : 


(3) Watambe, ibid. y 


sively tabulate the values of the integrals with. 
spect to k at once, 


. Referenueat oss ue - Math. Soe. Sapan, 22 21940), sat. 
‘Yamanouchi, Proc. Phys.-Math. Soc. Japan, © "Watanabe, ibid. ’ AS 
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well known that tes signi line (6577) by Wow | Among them, 
a it eer 


g - from, the normal configuration 1et2st2p!. 
ese metastable states are ay, produced “ 


etiviing the three iii sp, 1p, and 1g will be = 


4 indicated by the suffixes 1, 2, and 3 Fespectively, : als 
. \ 


. 


on. or - de-excitation per. unit file of the atom 
ym the state to », by the collision of electron si 
ith the energy. ‘é. The density of the electron 
taken to the. unity. All the quantities are me- 
ured in in atmic ‘units, unless otherwise mentioned. 
The total probability due to the collision of electron . 


having all the possible Prcraies is then given by 


We a velo 


fére. “40 is. ‘the deilseey diateibatic’ Getion of 
the electron. The lower: limit of the. integral is 


the energy difference ei = sj; (j >4%) for the ex- 
If we 


tation, and “zero for. the. ‘de-excitation. 


assume the Maxwellian distribution : eh 


sant 


fe ) = i= ae 
: i 
; eb i ghee i “(exitation) 
ss i wy Fae 


" G@i-exeitation) 


ey 


n this. “integral, the ‘Toliemann? } constant ck has. 
he numerical value 3. 17 x 10-8, while the électron_ 
emperature is is at most of the order 10! degrees ¢ 
‘so that ‘the integral is mainly determined by 
ne. values of integrand near the lower limit. We | 
ave hence. determined the value of wyrle) only 
or these - ‘critical | energies” euy. Their numerical : 
ales are. e€=0, t= = 0.0720, e139 = 0. 1535, and 
53 = 0.0815 respectively, for which the correspond- : 
ng electron velocities are. ke = 0, fn = 0. 379, Faz; = 
554, and fas = = 0.404. 

x Calculation, ‘of Wyy O. 

me) is given ns Pes 


gu is the weight (2L,+1\(2S.+1)(L and § are the 


_ the collision ky = Vi? F 2euy (the double sign cor- 


- (23), and to 1 for the transition (13). 


- the explicit of forms of which will be given later ‘ 


Sel |r) = 
kh, and fulr) = 


-bital fanction of the 2p electron belonging to the 


5 oxygen atom in the state yw. r< and rs are the” 
values of Q;, and Ri for the critical REED of we 


_ the method of determining the function y(Kl|r).: 
short, it is determined by the numerical sae 


_ which is calculated for each state 1, 2, 3, using © 


~ difference due to the small change of the energy a 


ae i Na ae Te a | oe oes Se es J 


ep Oyen Aish 


16 ae 


Wyy = > Vous 1). 


quantum numbers for the orbital and spin angular 
momenta) and ky is the velocity of electron after 


L ig the 
order of spherical waves into which the incident __ 


responds to excitation and‘ de-excitation). 


wave function of the free electron are decomposed, | 
and 7 is equal to / or 1 +2 for the transition (12), 
The sum-. 
mation for 1 extends from 0 to infinity. Viel, ee 


is expressed as the quadratic form of | 


or. re® 
Qn \, (aS 
: x Pury) Pu ri)yleul| ray \re)dridrs | 
and ae 
fie co tr. ae & 
Rn~{"| pnt 


x Pylrdy Kull rs) Pulrs)y lool! |redridiry , 7 


y(tel\r)/r is the radial component of Ith i ss) 
spherical wave of free electron with the velocity : 
Pu(ryir is the radial part of the or- 


smaller and the larger of ag: and r,- As already : 


mentioned, it is stifficient to find the numerical 


energy. _ : 
We shall omit here the detailed sserption of 


» tion of the Schrodinger equation of the electron ps 


moving in the average field of the oxygen atom, > 
the Fock’s function. The results show. that the 


of incident Blsaron is negligible in the range of 


9, which makes the ‘main contribution to the inte- ea 


gral Q, and R,. Moreover, when the energy of 
the electron is Bae we have to retain only few a 


terms in the series (2). Therefore, we have taken ; 4 


- the following nine functions for the subsequent 


ealculations. (These are specified by s, , d. for 


1=0, 1, 2, according to the usual notations). 


|p 8.66 ee 
| cd 0.0597 — 


+ 


a et 
} 


Mie = fpr 3.21414}, 
: is determined by the equation : . | 


” me Ar Bir, 


iohioe practically. ‘The numerical values 


Vell Vr) = bi" Pel Wy), 
V5l, V) = hPa V), 


Pal 1) = all, Vy, 0) = Pull, os 
all LA i = Bite = = e(l!, D, ie 


"We obtain, by @, Era: a 


eM 


Me “tfe) = 18 = EPut, tgs, 


mye) = = Net Bs, UK 
8 4, "Expressions for | 
excitation. ai 
ie! performing the integrals 
&= = sth 2, 


y= cae zi 3. 


gig Sain 


Vial(ps) = 
eater 
Vial (»p) = 
we (ae) 


SR 


a 


CeO ONTT, CRA RR 
et OsOa ee | <a0-m é (oy ‘aa 
U, vh 3 FOR - 

Uy; = 57.7 +0. sar", (cm? see=!) 


eee 


The probe bilities of Sehitation and de-excitation | a 
Re, i AES ee i Se pentane B16): Sedma eee 
Baay = ogi ; : a 
_-Ril(pp) = 0.0177, Ry'(pp) = 0.00694 ; References. Cea 


oes Ril(pp) = : 0.0147, Flop) ms 0.00578 ; (1) ds Yamanouchi, T. Inui and in Amen, 
S Q,/(ds) = 0.414, R,'(ds) = et: - Proce. Phys. ~Math. Soc. Japan, 22 (1940), 847. 
rae QP) = ai 0160, ie ite eres (2) 'T. Yamanouchi and M. Kotani. Proc. Phys.- - 
: 3 s Math. Soc. Japan, 22 (1940), 14;'T. Yamano- 
R fi = Ms 01 4, R I 0. 4 z 
Se (pp is f a (PP Wig reel uchi and M. Mashiko, Journ. Phys. “Math. Soe. 
ing hese values in. @ and d ©), we Jobtain. the Japan, 17 (1943), 581 (in Japanese). 
8)..T.. Yamanouchi. and M. Kotani, Brot. Ph 
low: lt ( tf 
B Pesuits ; Math. Soc. Japan, 22 (1940), 60; T. - Yamane 
wes = 0. oar? 0.01667, oF uchi, ibid. 22 (1940), 569- be 
Us= 0.00887, Pe ae RN ead tha. be (9) (4) D. R. Hartree, W. Hartree and B. ie rl 
; eer tate sets Phil. Trans. 238 (1939), 229. Hie 
Cag 0.9. a4 , 
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- Summary of Parts cans 


: “This paper deals with ‘experimental methods used for the study. of ‘uv eullone ats 
‘flow. in our laboratory. ‘They are derived particularly for the investigation of non- 
. isotropic turbulence i in a wind tunnel experiment. We show methods of measuring w’-, 
Ree v’-fluctuation, and WV correlation coefficient, including the mean velocity of flow, 4 fi 
aes by" ‘2. hot-wire anemometer : which is particularly suitable for measuring in a small A 
space” of flow as the turbulent boundary layer. Concerning these methods, theo-. 
_retical discussions and their. experimental , examinations are given, and as an ex: ° ral 
‘ample of the ‘measurement, eet tesite results on turbulent boundary layer. are . ed 


a shown, 


and many other: investigators have developed the 
cite ; retical aspects of this theory, and as experimental 
‘researches on it H. L. Dryden and others have i 
_made many contributions. He is the first who has. i a ; 


found \the method of compensation of the time 
lag of a hot-wire anemometer; and has ‘develop 
ed the method of measuring the intensity of w’- \ 


a. the theory of surface friction or heat 


. : es): 


“ha or in turbulent om it is Pesmonnpaee im- 


type, we ‘have “tair detailed inom ins 


on with the case of Sireienie eee 


/and contributed greatly tb the. theory 


lis: 
any ; 
of “isotroy ‘pic turbulence”. As for the measure- 


mi nt of the usenet sf v "fluctuation, the method” 


tro ic tur ulent ae ‘But in the “case of non- 


It is reported that H. eaten 


Tone it seems ‘that: this method is ‘not 
‘ proper in the: measurement in small space 
ri 


; his ‘«Dreidrahtsonde”, bain nat . 


rbulent potas layer. - Thus, ‘we will whee oa 


Os = dati rane o oF the: Woes at 
_ temperature UA Oe ome 


ie wire when heated by. the current zin 
a wind of velocity of (Vv, 6, ¢). 


ate and it is taken as constant, which 
is. equal to that of one arm of! the 
- Wheatstone’s bridge. 

= fluctuational value of. the: above. re- 
“sistance R. a 

ais, mass of the hot-wire. 


= ‘Specific heat of the hot-wire. 


_ tance of the hot-wire. a te 


Ap icaane a Cia 
ity DS BD ¥en 


RAV, 70 no So 


* from the wire, a! “the flow is kept. 
aM tain. PR ae nc tihe 


= instantaneous resistance of the hate’ a-axis, (3,8) becomes. 


= mean. value of the above resistance : 


in this paper. — In (8, 4) Bites): derived the ret! 
cally the form a 


malian ; t the f to D, 
te temperature coefficient of the resis- a the with 3, 4 ES ee aye la ng 1 


ae time _constant of ‘the hot-wire, in Caer 


| three dimensional flow, i is as follows 


exchange, we get from (3,3). 


‘Then we ob- 


PR=fV, 0, RRR). 3,3) 


when we make the wind direction parallel to th 


Uae eRe = fT R—Ro)|(Ret) a GA) 


In this case, V is generally expressed by a fune : 


tion of 7 and R, but, for brevity, taking R con 
stant, we can “express V by a function oft ‘on 


thuse we take the “constant resistance method 


4%) = Kt Key 


lation 


E =k; + ky vv 


Fig. 2. The ‘Wheatstone’s bridge 
circuit in ‘constant resistance me- — 
- thod.” cee 


os shows an Sicomnle of this nolaticn? and we ae 
eognize a good, agreement of (3,6) with exper sf 
_ mental data in the region of V above 5 m/s. With 


this calibration eurve, we can measure unknown 
wind speed V by the value of oe ene 

In the isothermal flow of constant 1 mean speed, eke 
jf we change the relative direction of wind in 
the z, «-plane and keep an equlilibrium of itsheat _ ms 


; eee but as ai deseribe later mint 


when we measure ‘vi-fluetuation of 


4 


turbulent flow. zh) 


egy AA LOPS el al } i 


Hint Cites! 
vies hogy V 
3. A calibration curve of (V\O =" 
sa of a Lone og is a Nickel 


00 Ai 


4 


he following type of Thomes?, ‘and Bal 


eer 


a in w, ‘Pola: the wire lying behind gets fi When ‘these se are u 


am 


 Adnslifiee Used for Measuring 
a) ae ND Gupbillene Fluctuations. 


Cs Se 


oe oe 


oc ; mane we need a valve oan for the purpose 


of the wire. Fig. 6 shows its diagram. 


ae = cs 


' 


ie 
dt 


'o formulate ‘the ‘relation a RY and Vi, 7, : 


hal Fourier series of t 


= Biers cos Saat a bn sin Ont) 


Hen cos att sin 1 ogt)s > 


| then we © get the e followings sotve 


- } 4 a “feed back 


s 


4 


tale 0} at) 


a) 


However, in art circuit, 


oa. “ina> inc vie ‘ 
so we have Me Be 
deve RyfZo- 


| os circuit in the Rene 
NEA ey RE hee 
Ay (1+ JRCot0n), (6,2) 


ie, “constant resistance. 2 method, ae _the rae 


Bot M of a wire. depends only: on: ss and 1 by & 2) where R, and C, are cathode resistance and ca. _ 


Be (R—R,)? = ; ‘ ip Ea _» To measure turbulent fluctuation. using a be Z 


ye amplitude, and ae in the ratio of 
tan-1(R.C.o,) oe Meg aeS | 
a Then if we choose. RCo; the constant ates in its value about. the meah-value B Fs 3 
Stat equal to the time constant at of tensity of the fluctuating voltage ea! ety 
AC, can be written as sea ts ; ; 


a =. a cae BR 


quency between BD, then the wire inevetven 
_ same effect as it is cooled by the flow. with 
- fluctuation of this frequency. So, if the ‘fiuetn 


ing voltage eg! of this case ‘is lamplified ith 
_uneompensated amplifier, the out -put In 


x 


ee ce a reova Mectac be SHOW as 


“a 
ipo ad 


Mapes carci of the: <>. iaie a6 he n Y V1+M,70,". I TENE Je i 


“value of M,. Be Fig. 8 ; “shows s examples. 


met 


“ie a 


(th resistance | is shown By Ra) can be given : . 
offs law; ; ‘- 


([PR+R'+Re, 2R+R!, a 0,010 mm ' ‘Nickel, 
‘i ‘ee tades  AR+RI, —2R, > | ee 4 ~ 0,080 ao Nickel. at 


plitase and “phase. Fig. a) shows an pee of 
a frequency characteristics of the compensated ; 


amplifier with a hot-wire. 


References. 


(1) Reichardt, H.: Z. A. M. M. Bd: 18, 1938. 


ies Fae sy 2) King, L. tV.: - Phil. Trans. Roy. Soc., Londo 
Kona ( 
an “0 OT OS ona toe. 
i ‘Fig. ¢ 9. Prequsacé elaratrsreticd of the TeCS Thomas, pies Phil. Mag., Al. “4921. 
compensated amplifier. with a hot-wire (4) Baily, As A. R. C: Reports and Memoranda, 


cela of ae: ao. Huai ie pa? as No. 777, 1921. 


2 On the Thoria ‘Coated Cathode. 


_ By Tetsuya Arizumi and Leona Esaxkt. 
Kobe Kogyo Corp*. 


Mantas ees (Received, sy ee te ‘ ee ce 


“The ‘Stable eathode for large pulse “eunrent: is eo a 
it Seale | in. some kinds of transmitting tubes. — The tungsten wire “used as the cathode was oa ong 


‘The thoria coated, cathode seems to be. considerably Sar tt this lyophilic colloid in which thoria move’ 
ea the positive electrode. The coating 


Ae i 


promising for this purpose, but little has been known 

mp to the present time. The authors have studied 
several thermionic ‘properties of this cathode. and 
ound that the cathode. becomes black and its emis- 
sion ‘increases very ‘much, when iti is. activated at 3 
a high” temperature or it is carburized. In this. 
paper the activation of the. cathode, ‘its ‘thermionic ae 
constants, effect of oxygen and the. decay of emis-. 

on | shall 23 deseribed together with their theories. 


a Hk acicieniat Apparatus. x rec 
~ ‘Several. procedures are available for ‘the pre 
paration of the cathode without any difference in 


the thermionic ‘properties, But the cataphoresis in 


iyophilic ‘colloid is ‘convenient. for obtaining an uni- Bs a; Rormatie Dideeane of Hecveinieniak Tube- iM 


orm tight coating. ‘Some amount of thoria powder, apa - - (1) -Batalum Getter on 
: ee 2 coomieine pure thorium. nitrate MG een ee (2) Oxygen Source Beware 


(8) Ionization Gauge 
(4) Diode for Studies 


a oxygen source. The ehuaiber @) i is a very, 
a thes emission cient being drawn. 5 Thee 
oe the activated eathode is white (the ere cat 


| Process of f reducing: some amount oe thoria 
ee tallic thorium by tungsten itaelfc or carbon. 


i ing. ‘that ‘the ‘cathode differs from the 
cular "layer one - ‘such as the thori ate d 


art 


as in the ¢ case of alkaline earth oxid > oated ea 


Ms 


to air on way, of tte P rhaps Dec: 1s 


“Thus 1 no ‘technical difticulties havi 
es in any ‘experimental tube. ‘ 
ay Work funetion 


full fined | are Bods: of the mee , 
dotted lines those of the:g 


ah 


rile 4} 
twenty - 
fie 


ods the iE rélatonebp is 
- fully activated Horatoh 


gs. 
e may el 


Isby : 


TERESA 


ARG 
Ss 


2 


ae 


1375 °K 
Si ALOK: 
1310" 


1245% 
1340%« 
“1'70"K ci 
1255 °K 


‘1100°K 


Fig. ar “Richardson Plots. 
ay The white SI) ne PACE te: 
C2: LN “Thoriated ee 
ecole C40 The. gray 
A). The carburized _ 


oa the on ah ica Ge 


% 


| White cathode | eaters as 'Carburized 


gun 


ee ef Tess than ie ee ° ay on as 
ae 1,200, n 1,200} - ny ae ia Ga 


Y Bais: 


(3) Effect of oxygen. . 

The emission of the gray’ eons i 
__ sensitive to the oxygen pressure. Even: at 
pressure: of 10-7 mm Hg., the em: ‘ssion ata ¢ 


: cathode temperature increases ‘slightly for a “while 


and then it begins to decrease as shown in Fig. 4 sa : 


The inclination of d(log 4)/ dt becomes. steeper 
as either ‘the temperature or the pressure is higher. anh 


The time change of the emission at a constant 


; 


(20 minules. Ne 


Fig. 6. 10U 
‘The ene triangle om 


a em 


art _ Cross: a 
<M "he lower cirele ie 


% 


: “is “kept above 1 00°K. Fig. 


"Even when the “Pressure i pone 


fe The emission ‘of the carburized cathode falls 
to one third or fourth at 1 ,400°K without 


anode ‘potential, when the. pressure changes 


i 10-7 mm Hg to 10- 4mm Hg. The evacuation 
oxygen recovers the ,emission if the cathode 
mperature is higher than 1,600° K. These results 
ooo to” show that the existence of carbon in- 
er ses the reduction of thorium to prevent the re- 


“m: Kable ‘effect. of oxygen, playing the similar — 


‘coated ccathode(. 

(4) ‘Decay eek recovery of e emission. 
When the emission current is drawn from the 
ea ode, ‘it decays. rapidly at first and then ap- 
_ Then, 
the > applied onegy A ‘is “removed, the emission 


roaches gradually toa final constant value. 


im mse reiahass 4 


Fig 8. “Desay and recovery 


rolle as magnesium in the » alkaline earth oxide 


to the transportation of oxygen atoms. 


the equation, 


~ of thorium ion n(x) at the equilibrium state is giver 
by the Boltzmann’ s law, 


- at-eany time. 


Ee 


i sie decays more Seeriatlably 3 in the better: activat- 
ed cathode. 


_ ever, was not observed in the- present procedure. 


- fective mass of electron respectively. The number 


; to the number of thorium ions inside the taxes 


is Obtained. 


making use of (1), (7), and (8). 


: emission. 


The short time emission change, how: 


Perhaps these phenomena are due to the trans- 


portation of thorium or oxygen atoms by electro- 


In 


the following discussions, however, only the trans-_ fet 


: 

Be: 

lytic and concentration diffusion, just as barium’ 4 
atoms in the barium oxide coated cathode). a 
* 


portation of thorium atoms is taken into consider- ft 


ation. Of course the same discussion jis applicable i ; 4 
Assuming — 


the uniformity of the electric field inside the layer, : 


ee ee ee 
ie ae or V=—¢F aN om 
holds, where Fi is the field strength and Uy the poten- 
The field 


is represented by the electronic current 7 and the ie 4 


tial at the distance x from the surface. 


conductivity of the layer. 


pia a) OE 
as, Qnm 


* 


exp(- kT 


in which me is the depth of conduction Bane and Py 
and m are the ‘Boltzmann’ s constant and the ef 


\ 


Se of 


oe n(x) = Nexp(— er) 


~@) = 


If @ is the ehiglness of the feyee n{a/2) is equal i 


Therefore \ 


log n{<) log 7i.. = helena 
i Nn 3 aw 2kT 


Q) 
If iy and 7. are initial and final emis- 
sions respectively, (9) is represented in the form, 

ree nea A Dee 

. log i—log tx. = Se (Oy. 

Thus the depth of — 

the conduction band, ¢, can be estimated from the | 

curve log (log @,/¢0) versus 1/T. Experimental re- *) 
sults are shown in Fig. 6 by circles, from which 

¢ is determined to be about 0.6'e.v. 

Next let us deal with the time change of the 


The decreasing rate of thorium atoms 


) thermal ‘diffusion by Fiek’s law. Thus ‘the 


following relation is obtained. — a 


: ‘“ on On pA 
a epee ee 00) 


ed the decay curve. ‘The Sinaue similar proc 
of analysis will be applicable. for the decas A 


ie = a Uy | | (11) ‘in this case the atomic ‘diffusion may well be 
: Ae ef Bamod, /The obtained result is 3 


/ 12 a 


x 


‘ The diffusion coefficient D is also given by A 
COS 1 Geb Ree pate ; . Breexp(— 
eae or D, vera) Coe sth OC Sy 


eels vs log i—log 


a OF 
kT log io—log de 


Experimental plots are shown by 


) always ase to B’. 
28 xpressing by log n instead A n itself, ¥ ip Paes) holds for almost all : 


diffusion p eneray © calculated fom) 


Wares 
Ail 


jee : re bk un S 5. Conclusion. 
ts Bane ed SU poe ie oe Ea niaey "The thoria. coated ceathots i man 
btsines as the Boltzmann’ s eos ‘Assuming "properties: as | the’ alkaline Becki : 
that ( (14) holds at any time, the differential ‘equation ‘eathode. ‘Some saeaou of . ess tho 
as) ca: be solved with the solution, Boe ery Sse formed in the process of i 


F . Y 
STD SAC aS ‘of ‘enhanced emission 0 


: Th i Saee | i 5 
of\eaad os ode Siene ae Roan sion is ex pressed in th 
) = lo gates ee) 18) Nos} eg i 


5 


14 i, 


SA ENS Tw 
es Fay 


a - lnc Aes ‘3 


‘los dy dog te a) e 


"progres sses. 
ed one is 
thoriated pangs 


e ‘shown in Fig. 9 by circles occ teee : 


[DOR DPA A 
Ne a ! 
A \\\ 38 a [ 
a \See ‘ 
BVA Roe P 
PWNS m 


SRS 
WSS 
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—e bog( ano 


ZASe 
AOS 


‘The circle: time versus ae (t/i20)/log (is) 
-.. The cross: time versus log (7/%,)/log (ts) 
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ak ae 


ant! 


ees is the external gas presente. Tf Vv ie ‘the t 


increase per unit ee is 


ori Soy 


wide 18h Po—p. 
ae IY, WV 


giving the. solution 


pen(ool-ai)) 


; ~ Combination ‘of (1) and (3) gives 
. ‘ 

rey ; a 

pres 


e for a ae of eeneey ae EV eae tac eet s= ve 


3 


Thus s'can be calculated from time change of 


pressure and for many capillaries. used in experi- 
_ ments it was of the order from 10- =8..t0 10-* moll ; 
: min. 
Qa) ~=§ 3. Pressure Change at Room Tem- 

ile " perature. 5 


When the capillary is broken to introduce gas ) 


P24 x1O>mMmMHe. * 
2 multification tactor. 
eu 
055 
0.036 
7 


Fig. 1. Pressure curve. 
7" ’ rt $f ae te A. % 


ntroducing gas ‘ato the eis again, ne 


es “much faster, while it decreases | more rg 


an the curve II if the capillary i is sealed 


ad 


“90 (mind 
Oy , 


£% ; ne, ’ eS a A Raat emer 
Fig. 2. Pressure change at aternations — 


“ 


of c. f. and c. v. methods. 


J ror 


1 


- slightly larger (cury IN). ‘ behaviours | 
remarkable as the time of Succes 


Th ae 


rare gases. — i Sie 
Each curve in 1 the « c. ve _ method is 


He the relation, : 


\ p= = Pa exp va) 


ae Se v2 


one’ of rare gases. x is given ‘by. the: 


ri 
of each curve in Fig. 8 and | it decreases é 
vee x 


bad 


MOG cai = b20i; 
X1o" 7 molfmin 


set 


~y4.0.(min) | 


high temperature also ‘satiation’ the. rlateat 
As. the. temperature is changed continuo 
as % \irin the above experiment, the pressure change é 


eh be given by a 


M he ie vipers Opa. aT Op | ie 
smart dt - aor ; Paes 


“Making 1 usé s of the s relation pVe= nRT ang O we § 
; a3 eo obtain. % 


do ar 
pdt Tide 


di constant up to 218°C 
ini to be talpiost linear and the inclination above this temperature. t 
iS ¢ stimated to be about 0.24ev, Thus the follow- in Pig. 5 wad x ieeet swith several eae 2 


Jog « oe are 


rf ri, 
each other. These results Ral be 


retically in the later section. 


Table Bh, 


amin) (/py@pide) Garay 


pit 0.0187 0.056 = 
PDN ate 1 :~ Vaasa} 5 
47s O0N72 = WS 0.05082" 

bee on 0.0183 0.048. lis 

, 7 4 ta & ae 44 f Ji ‘ 

4020) 0.0078": 
3 ; 
4 


ia 


techs Pat 2B Wt PVE ST y’ ti 
di Ys UT i Noes SRC yo Lea eaann 
y xk heed " : 4 i ene t 2 ae 


> Fig. 7. « versus 1/T curves.. => 


epeate 


g ability is “already | very ‘weak ne room — 
ure. ‘Beating el the getter chamber the» 


f it is conelusive. 


is not a ‘simple 
ae forming bariom 


+ 


“Above delat 240°C its rate Rectinea 
y much faster. Witte eke values of « are -shown 


< 


& captured. Thus the pressure cee in the 
: method | is crete eum by the iP ode of the 


ee Ey P 
ae FAN 3 BamieD °*P(— 2) w 
re a is constant, vo the true surfacearea and . 


number of active centres per unit area. The 


ratures shows that the adsorption i is predominant 
A and ° 
(12) decreases as the amount. of absorbed 


d moreover Qa is nearly equal to zero. 


5 and | 6. Its recoveries at Nos. 8, 10 and 12 
Fig. A are perhaps caused by the slight increase 
N which is présumably determined by the dif- 
_fus ision of nitrogen from the surface to the interior 


- that of barium in inverse direction. 


be. the lattice sites which have not yet absorb aut 
full ‘amount of nitrogen, such as bare barium 
atoms or barium subnitride molecules. The dif- 
fusion of nitrogen atoms into the interior forms 


new active centres. Thus the concentration of 


ed. Tfina be the number. of nitrogen atoms at the 


put ‘the concentration gradiant may well be put 
Jz; because the layer is very thin. 


Although the dtifadion: of mievoser torn results 
in ‘the: growth of the nitride layer, x may be as- 
uumed constant if the diffusion is sufficiently small: 
In this case the solution of (16) ions to” 


_ Substituting (17) in (18) together with the relation. 


sible sites for absorption, 


srimental Baenlh that « is constant at low tem- ‘ 


tion is predominant so long as D is very smal 


gas ‘resulting in the gradual change of « in Figs. j 


: high temperatures in which diffusion is the rate 


: “The: active centre may well be considered to- \ 


nitrogen atoms. on the surface should be formulat- ee 
surface it, satisfies the Fick’s” diffusion equation, 
present the counter-evidence, because even the 


Thus we 


-sure change measurable in most eases. 


113 8 


N = N eX 


a 


As 
=) (14) 
Nz=.N-+n, where N; is the total number OF ‘pos 


nee re 1A{N—(Ni— Ni.) exp(—D)} 


ema pe) 


The diffusion coefficient D is given by. 


as usual. k ; 
-The formula (15) shows in good agreement 


with the experimental results that the absorp- 


or the nitride layer is sufficiently thick, whil 
the diffusion becomes to determine the rate 0: 


pressure change when 'D is large, and- even a 


determining step, the relation (1) also holds. 
proper conditions are satisfied, a. crude approxi- 
mation gives the result, 3 


as the adsorption term may well be assume 
constant at high temperatures. Thus Q= 0. 24e 
obtained in Fig. 7 is probably an approximate 
value of diffusion energy. 

At last it must be added that the rate de 
termining’ process for the reaction of nitrogen 
with barium is always not adsorption, but dif. 
fusion, although. the pressure change appears to 


surface reaction without diffusion makes the Pres- 
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- Conductivity and Rleceronic Energy State, 
Coated Cathode. 


By ipetsusa ARIZUMI and Leona ESAKi. 3 
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(Received Petanee 18, 1948). 


intimate nieon of its thermionic « emission. 
> 


0 onduetivity. Numerous papers on the alka- 
earth oxide coated. MS oa seem to ‘support 


A seentones nickel wire, P wa 
anode. The assembled tabe was eva 


use of ane high operating ‘temperature 


OG sen in Fig. i was 3 adopted. m ‘only oe 


Ay 
antral part of a tungsten heater (diameter 


‘each 


Fig. 1. The ‘construction of of “the sale voltage sasaki 


- the experimental tube. 


eh ea tae length: was 5m. m., ‘to minimize the po- 
Ay tential drop. Two fine tungsten wires (diameter, ss 


ence is Hanulley than one > volt, but it tends toi in- A 
~ erease gradually ‘With time when the potential 
difference exceeds this limit. In the plus side, 
however, the voltage-current relation is almost 
ohmic except the neighbourhood of zero point and 
no. time change ‘is observed below 1, 500° K. The 


| eine Baa, conductivity may well be represented by the ohmic — 


[ L . range in the plus side as discussed later. In Fig. 
Ts EC : os pee Tol holals eae. conductivities are plotted against 1/T, together 
iH aa Tr 988 with thermionic emissions, in which the parallel 
+ ary 1295-€ relations between both quantities are found to fe 


hold in any case. Both, work functions and acti- 


ee Lov : ! Ny pee TE eeaeeoe 
= i il a ee | 2 vation energies for the conductivity are sum 


f i merized in Table 1. 


Table I. 


| Activation | Baru 
i Work | aie antes 
e a energy for |Difference 
eran. ( - Sas |conductivity (e.v.) - 


(e.v.) 
1.8 


Fig. Be The diffration potential difference oe 
"hy _versus current. Ie 


~ 1200 2.5 


1300 
1300. 


2.8; eo 6 ni 
BAy oo Bal) ae 


whe current in ‘the ‘minus side is ch smaller 


thanathe Ee side | so Jong as the potential differ- 


§ 4. ‘Discussion. 


is about 0.034 mm’, while that of the heater + an 

‘thoria. is larger | than 2 mm’: “As the ratio: of bot 
‘eontact areas exceeds the rectification ratio, the 

ae current-voltage characteristics in Fig. 3 may we 
‘be considered to be caused by a point contact of 

thoria and tungsten and the. fact that the direc 

tion from tungsten to thoria is easy flow suggest 

- that thoria is a N-type semi-conductor. 

Thus in the hard flow direction, the appli : 


potential is almost dropped at the point contact, 
while in the easy flow direction it is almost un 
form through the thoria layer, showing that th 
‘ohmic law must hold only for the easy flow di iS 
rection. This is the theoretical reason that the 
- conductivity was evaluated in the easy flow region. ty in 
ee The thermionic current 7. and the conductivity ; 
¢ are given by af 


pe ION : ce C } - X 


"7 


pe ‘ waite ;kT \t ed a 
Big. 4 ‘The electronic conSaenH t pists neoD (5) * exp(——) (1) . 


and 
o = nev (2). 
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i 3 kT 
respectively, where sae (¢—0) 
m: number of condution electrons E ae By Pay 
Os? mobility of conduction electron - N+0 aaa ee 
: od if ; 
é “ihe iss seer best an ate giving the simple relation 
D: transmission coefficient Fey eons 3 ced a3 


¢ : depth of condetion band 


and other notations are those customarily used.. 
’ According to Nijboer’s theory(?) on semi-con- 


ductor, the number of conduction electrons 7 is 


expressed by 


0) hoe} 


in which 7, is the number of impurity levels and 
. N that of < frozen-in’? holes. ¢. is the potential 


at impurity ‘levels and « that at the Msg of 
conduction band. 

In general, the apparent work function and 
the activation energy of the conductivity are 


The relation (8) shows that in any case the die 
ference of the work function and the activation 
energy of the conductivity is equal to ¢, so long; 
as kT/e is neglisibly small.. In good agreement 


with the theory, the experimental results, sum} 


merized in table 1, shows that ¢= ¥—E is alwale 


constant, 0.7e.v. / ; 
The formulae (6) and (7) suggest that both 


| work function and the activation energy of the 


conductivity vary gradually as the progress of 
activation. Several results,@)~ hitherto obtain. 
ed, are summerized in table 2, in which the wor 
functions are found to distribute in a rather wide 
range, as expected from the theory. The lar 


given by 
; , change of the Richardson constant having 
(log a described in the previous paper() will be explain: 
(4) 
eure ty ) ed qualitively in the similar manner as the barium 
i T oxide coated cathode“). § } 
ne In the extreme case, n> WN, (6) ‘becomes 
Heike lee (6) | 
Paes hone r 1) nes 
(z) phe 
_ respectively. Differentiating (1), (2) and (8) and while rn case, n> WN, it becomes 
‘rearranging, Y and E are written as follows: ' 
“are ¥ = $+(e—¢) 
3 kT . ty 
a 2 han CM sd eee In the previous paper!) it has been revealed 
Es eR 744s ey m0) the work function of the fully activated cath 
Nin My—m was 1.95e.v. Therefore we may well put 
Mable tie 0 . 
- Richardson const. Works || . MALY 
; Author (A/deg?, cm’) cree remarks 
D. A. Wright() (1947) 7 7.5 2.6 (2) Pulsed emission 
2.5 2.5 (4) D. C. emission 
T. Yabumoto (1948) | a 3.0 Des; . : 
T. E. Hanley) (1948) 5.62 2.55 Pulasdc sium a 
| 2.68 2.67 D.C. a 
H. Y. Fan) (1949) | 37.8 3.14 Sintered cathode 3 : 
T. Arizumi and. , | = 
L. Bsakia (1949) 5.0—1x 10-2 -3.2-1.95 a 


he deactivated cathode. “Phevetors the energy 
‘of ‘thoria will be represented as ‘sche- 


‘shown in Fig. 5. 


+} &. 
1.95 fully activated.\ 
a 9 


3.2 oe 


: Fig. 6 ches schematic diagram oh 
the electronic, energy state for thoria. 


ecording t to the diode theory © on 1 the: ‘point 
ntact, ‘the current through the contact i is express-_ 


maha 


in v nich vi is the potential drop at ‘the. contact - 
o the difference of ‘the contact poieaaal 
r yy | V, we obtain she 


‘5 gives ¢ oe 0. Ate. tn general Bott the image 


: force and the tunnel effect tend to lower thers 


height of the potential barrier. Even applying 
the Courant’s() correction on these effects, ra be- 
comes 0.62e.v. This is far smaller than the value 
expected from the difference of work functions, 7 
probably because of the imperfect Pon contact : 


and several other effects. ye 


! § 5. Conclusion. | 


The results are qiinmaenieed as follows: 


“spans method. The te ick relation Gea 
thermionic’ emission and the Poca 


tion band was also evaluated to be 2. Be. v. bs 


NZ); The rectifying property at the contact 


thoria and tungsten has shown that thoria v 


N-type semi-conductor, but the difference 
tact potentials, experimentally obtained from 
_ rectification phenomema was much smaller 


the difference of work functions.. - 


‘ ee References. 


. ( 132: Apia and L. Wsaki, J. ine So 
ease in _ press). fi 


. ~ (1939) BT5. 
00) ED UAL: Wright, Natane 160 (1947) 129, 
(4) T. Yabumoto, J. Eect. Japan, 68 (1948) 
(5) T. E. Hanley, J. App. Phys. 19 (1948) 
(6) H. Y. Fan, J. App. phys. 20 (1949) 682 
(7) T. Arizumi and 8. Narita, J. Phys. 
Japan 3 (1948) 356. 

TT sy" Be: C. Torrey and C. A. Whitmer, es 


P 81. ass 
(9) E. Courant, Phys. Rev. 69 adlaye e8A. 


5 


ire} 


: Researches and Developments on the Spiral Orbit Spe 
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it will discribe. a spiral orbit. as ‘case - 
¢ ‘relation between’ the ‘field d strength and 


prt 


diameter bs 0. mn 
e Ft oe 4 4 f 


ee 
33 


d 


4 


' 


"Relative Fie: 


“the apparatus. In thi 


raptor with their gai distincé of 40. mm. fel Just it within 


is sh wn pigeon ical in Fig. 1. The e inten thermoelectron emitted 
accelerated a seaiaity by | 


4 * “This report will be referred to as =). 
; + This report will be referred to as (II). — 


ing equations : 
A(r/ACo) = =1— A af 2s Sos vos. 
gee rol sin fy fone 


oe 


as the fundamental 1 probahiity curve. Then aa 


~eurve playsa very important role in the construe- 


tion of ‘apparatus, the determination of constants. 


- of the measuring system in any experiment and 


+ For usual experimental conditions this term: 


will be only several percents. aah 


pany ha CA 


ry i also to derive, theoretical estimation for the ha 


in 


of the expected lines. 2S peas eal 7 ee allo 
Position ae. the source : ma aon @ Grid. fi ah tl Pl BO aes OaRne 
Bek a the contral 2 axis s of the une to 


os ae Sane Here, et the 
aaa - I . a ; 


santas with'é a certain angle « e 
Pee the above theory. on 
oe s we yas expect Ture: Pro- - ting point and the central 2 axis is |; 


_ cessary to consider the ener’ ‘of t 


R placed coaxial to “the magnetic 


len | the emission of ‘the ‘particles from Ss ow we integrate, the 6 6 Near 


¥ 


the emission of particles outerward 

this virtual tube surface. ‘This type of a 
i we already treated as a 8 ray source in 
i cordingly ber gene of the:  exeentricity 


: cl has. no influence on the Nabe of. the 
Mi aa ‘the shift of the position of its Sine cm 


is consideration is approximate one because : 
ect. of the relative position between source _ 
d detector is not accounted for but this affect 
aall as we see in §4, (2) of (I). In the case — 
a 8 ray source this effect can also be treated — 
eoretically by some interesting considerations — 


Fa f 


Mica) cones.) we 


ae oe assuming «= 1.6, 2d = 5. is cae 
ae: 5mm as the constants of the apparatus 
a 0.2 % as the spread of initial velocity distri- 


ation of ‘the emitted pees fn this aa 


é stants are the same as those of our apparatus 
hy curves A, B and C correspond to Eq. (12), ay 


n from the “median plane. But ‘hie problent ca 


ge GAA) | 2 2K) 

CaS tala +e dr 7. 2 dr } 
2 : 2 " \ i 

SF 2 © AMA) 128440} 


able discussions. ° 


53 of the following paper. The atop con- Shi a 
is. The ax 


and (10) and we have 0.40 %, 0. 30 % and 0. 35 % 
as the resolving power, 4B/B for the full width 
at half maximum and 0.28, 0.39 and 0.53 as the a 
‘maximum probability for each case. Therefore it 
is clear that to adjust the outerside of the detec 
tor to the converging circle is most preferable, 


a we shave little weeard to the Fesolving power 


pas: 


be ‘solved only by numerical integration. » Ther 2 


- fore we must be satisfied by ‘the following 
‘mation. Hy 


According to eq- G4) of (11), we put the veet 
set as, 


ites 2)= AU AG) 


integrals can be written in es form : F 


ro. 


dir xa dA Ar). ee 
MET me G2 dr: i aeae 


3 ec Ayr) 


MAMA), 8 (dA, 
aaa dy dang m? 2 adr or BBN Sai. 
(16), oe 


2 


mM 


* The author thanks Mr. C. Ookawa for his valu- * 


Baw yg 
mm cay 


ts eas asenae ae ah a7). 


distribution in this ‘deecton? was. first + Meas 
ee means of a small. Faraday cage +e on 


ay 2 * 4 2 et 
Par fnetana 
Ba ane ae Mee ieee (18) 

he peat and the third terms of the right 
of this equation are positive, we mex 

de that To is smaller than the radius of | 


r 


uy g circle. 0. But this difference may ‘be. 


apie 


anes of the : 
¥ been Papected 2) 


a ae ay aay 
similar discussion we i Here, 
mm > ey > 22> | dete 
s we ‘may say that the ticle approaches to . “ 


median plane making a damped oscillation . 


urns back near the COHYERCIBR circle. , 
BY Peay Results and Com. — 


arison. with the Thereoea! Conclu- ey 


‘ 


r The available solid anole is ssa defined in * 


gh the Gea rack back by the ringacee field 
are captured by the grid and if the particles 
the median plane, i, must be equal to the 
Biccsion current ty at any part over the peak. 
1 this is not the case as shown i in experimental 
eurve and this means that. the fraction of the 
particles whieh’ pass through the grid do not follow 


eir orbit near the median plane. Therefore in — 


— the ‘Rol angle as defined above we must 
ake into account. of this fact. To do this, we 
est mate somewhat arbitrary é, as defined above 


aS to 4—tog in Fig. 10, where iy 4 is represented as 
iy gat the cut off” point of 7 curve. Then one 


has 35.0% as the available solid angle and 0.51 2% - 


as the resolving power as defined in (4) (§ 2). 


(Iie, = 0-996 HA) 


ee Sy | 


4c 


po pat) 3a os © 3485S 
= Exciting Gurvent (in oA) 


Fig. 10. 


‘ The thoretical curves and experimental curve 


e given in Fig. 11. In drawing those curves 


velocity d distribution of the particles and also make 


an assumption that the source is adjusted precisely 


to the centre, because we can adjust it by the 


lens system. As one may find from Fig. 11, the 


‘perimental curve. The voltage drop along the 


filament is about 0. 1 % in the case of accele- 
ting voltage of. 1200 volts. The reason, why the 


locity distribution spreads more than three times 


aS expected | from the above voltage drop, 


ne y be mainly the scattering of the particles 


- Spriat Orit He Spector ee 


e use the;fundametal probability curve with the 


above constants and assume the apparent initial 
- the source as considered in (2), (§ 2). 


49 distribution curve is consistent with the ment is measured by that of its image outside . 


SAE Nee ROME wT Le ea wy: 
a , Meicigt ate 


eda y 


a 
pe 


188 


Intensity in” 


-85 ° gg 


Pieper hin te) 
Fite . 


with the residual gas molecules in the vacuum 4 


vessel and also the small eccentricity of the | ; 
source. To test the former point, the variation oe ae 
of peak value was measured by changing the — 

pressure of residual gas. Fig. 12 shows this effect. yas 
From this curve we can estimate this effect and 


obtain 89.26 as corrected solid angle*. ~ gv. ad 


Relative Intensity 


r) PEM ON TR BES Me ss ea 
Fressure in mm (O*mmat Hg ea 


Fig. 12: 


Finally we add some experimental results on ch: 
the effect of the eccentricity of the position of / 
In this ex- 
periment we used a tungsten wire of a diameter ry 
0.12 mm. and moved it up and down from the posi- 
tion of centre and the quantity of the displace- " 
the apparatus. Thus we got the peak form and 
the resolving power vs. displacement as Fig. 13. 


The curve derived from the theory assuming 0.4 % 


* The comparison between this type of spsctro- 
meter and ‘the semicircular magnetic focusing” 
spectrometer will soon appear in this Journal. 


cutie curve. “This. fact 
that the conclusion in 2), (§ 2) is 
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au" ‘as 
Abstract. fy re i Were ty es oe 
ta the oer paper ‘this affect of intensity distribution of the magnetic field ‘upon re Ei 
ces solving” power and solid angle is discussed. Analogous to the shimming of a eyelotron, ‘ 
an additional pole piece will increase the intensity without any degeneration of renoly ss Bs 
ing power. eee ever este results on this subsets is en here.*” ‘ 
j \ 


. hee erial Consideration: ; 


* se case ae a8 ray source is shown in 
ey 


j alereat, values of ae 


t 


that toi increase « ae: is saci to make 


pale and « is pee. effective to increase the 


A 


' 
' 
1 
1 
' 
' 


i 2bSenm 
26.5 0m ' 


0 5 ‘i 5 1 
pg ete? : 
SRL Re 


ies Aer baer 


ees, R is the radius of curvature of A(r) a the 
(point of 9. Next, we take 1 st. and 2nd. ee ae 
of A as nee: ; 


a 


a 0A | 
fac =F : af Hrar S “i; Hrdr+H, — (4) 
on i  @ ‘ : : 
: os 3 a ae ech ale CB) 
a Ort : y, 


Bnd asuming H as Ae He) ( 2 \near the converg- 


ing circle, we. easily find: 


and from Eq. (2) we have another pepreneptakion 


of es 


(7) 


_ maximum of curve A(r) as flat as possible and the a 
power factor n of the magnetic distribution Cae ee 


that the stability of motion of particles on 


the more we can increase «, the. larger 


vation of x. 2 Pept Eq. (8) and (7) it is concluded 


that in order to inerease « we should make the ; 
i 


near p must have the value as equal to “unity as 
possible*. Furthermore to find the physical’ mean- 
ing of « in respect of the kinematics of particles, 
we interoduce a variable x as defined r =p+x into 
r component of the equation of motion near the 

converging circle and take the term of order a 


Then we get: 


= (2) Fe} 00%), 


xv) 
a o,7(n —1)a+ O(@*), 


where a, is the frequency of revolution of part 
eles on the converging circle. Therefore we may 


understand clearly the meaning of k if we, noti e: 
converging circle depends on the square of b a 
But in Sage het 


be the 1e probability of pias 


ate of (It). a 
‘It may be correct et write: 


Kv 2 


Tay = ae ow: nee 


fi); T]da, 


\ 


§2. Improvement of the Magnetic fiel 
In order to obtain the magnetic field of larger 
x, we first made a preliminary test, using a ‘small. 
model and varying the field ‘by the various’ addi- ‘ ey’ 
tional pole pieces. ‘Then we measured the field dis- ; 
tribution for the present apparatus just as used 
in (111) with enlarged additional pole pieces. The eal 
configuration B in fig. 2 is the one adopted finally. ; 


* Notices in our case m>1 but x <1 in be-— 
tatron. ; 


> 
50. 16-8 


Fo be et of comparison, A, the normal con- Fig. 4 = 
also gi given. Distribution of the cae of the §3. 


- Examination Of the Fundament 
- magnetic field and the curves of A (r) in each 


Probability Curve...) * ; : 

To keep 7) constant in the case of A and 
we choose 5.6mm .and 16.7mm for the value 
2d. apae into account of oR conclusion in 


Dh ke 


in A(r)/A(e) vs. % are represented in Fig. 3 

and Fig. 4 respectively. From these figures we 
fin fin d A, Band C have respectively p=6.5cem, 8.2cm 
nd 6.4em and «= 1.6, 3.8 and 0.85, where the 


f K are taken on the innerside of fh 


Using this curve we can easitp obtain the: eu 
bx for the intensity distribution bin any: kind of 


; hack wins pe 
4 as ease) 


32221: 


Fig. oe f ee 
; 5 ps a ie a 
assumption for the initial velocity distributior 
For eae Fig. 6 is jerressateg ie the: 2 


; though « 


-also-one may notice a sight alorieniie 
resolving ohh) abi. thet et een 


ee 


Nee ay 


(edgemcnt. 


For the confirmation of the above theoretical 
sideration some experiments were done with 


uterside of which was adjusted to the converging 
ircle, was adopted owing to the consideration of 
he preceeding seetion. The peak obtained and 
hat with the same 4/« in (III) are compared in 
ig. ve The intensity and the resolving power are 
8% and 1.25% respectively and are in rather 
“good agreement with the value 79% and 0.5 % 
as expected in Fig. 6. The degeneration of the 
resolving power may be mainly due to the parti- 


_ eles scattered by the obstacles such as lenses and 
lamps placed elose to the converging cirele, since 
m this ease we must use the enlarged radius of 


“eonverging circle. To verify this point it may 


compared i in A, whereas it has the same sharpness 
of “eut off? in high energy side. 


In this way we may ‘eonelude that to make 
ra large is very efficient i in all respect in the spiral 
orbit spectrometer. ar 


dhe present author wishes +o express his 
sincere thanks to Prof. R. Sagane for his kind 
constant guidanee, without which these researchs 
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§ tr. " Introduction. 


4 


x light | transmitted through thin films, there has 


i 
= een no A finect measurements performed, since 


be sufficient to notiee the fact that the measured \ 
“peak has more partieles in low energy side as- 


oa Application ‘of the Double Slit Interferometer to the Measurement Rs aS 
| of Phase Shift of Light Transmitted aati Thin Films. Raph: 5 


By Kozo 1si6Gn0. terre 


Ke. Gerad the phase shift undergone by ibe 


=% 


S 

> 

; a 

\ al 

B type re ae oi 
{pererree " . 
Resolving: ray ; 
power ; Br 
BS 


essing 6s 


| ’ 
A type | ae 


; . 
Atywe—— 212 2 Fy 2S ab 
lies ae 197 (9% 194 200 2of 

Exeiteng current x ¢. $m AD 


Fig. 7. ; 
would ‘have been impossible. His hearty: thanks | Ae 
are also due to Prof. M. Kotani and Mr. G. Tywatar : 
for their valuable theoretical discussions and to 
Mr. Y. Kamezawa for his sincere experimen 


Coeeetadion 


x | 


if Fe are 


Quincke®) and Hurion originated such measure- : 
ments about. 3/4 centuries ago, though for the 


"reflected light. some works are known(l). The 


present writer, experimenting with a simple double 
slit interferometer() (Rayleigh’s refractometer 


Br NIaR 
ie ba 


As pa are eat aS. le oe Or mn. Find yl ree aA ily ih 


ee 


‘ , Ms 
: is . 


- ly accurate determination of the phase changes. 


‘sults of his observations concerning the phase 
hift‘of the light during transmission through thin 


double image prism G, enters into an or- 


e -eye-piece of cylindrical lense as used 


ene, refractometer was oe Boh 


— earborundum foint. | 
‘The film to be examined is deposited on the 


188. : Ae eae Nine heft ee jie Kons Isteuro. 1 
U er, sf M ats < af ; hy. Toes. a) ae yk "ade 
_ modified a little), found that it serves to sufficient- light passing through the upper ha ve 


yin the following it is intended to give some re- 


‘ scope into two, and the axis to which they are 


- tion in the -field of telescope H, so. that observa 3 


same time. Cc is a rectangular aperture of 5. 


incident angle and ewe can ‘move sidewayalk e 


leseope Hof somewhat large magnifica-_ 
‘to the double slit ig. 1), and ue is adju 


to the position (2) and’ F readjusted to se 
placed test fringes, the angle of. rotation % of 


wer half of the Spore between the two piv rani 


ais wes 


slits produces interference fringes separate 
those obtained by the lower halves and serves ) 


comparison (reference fringes). The compensate 
is to shift sideways the reference fringes alon 
It consists of two thin glass plates attached later- | 


= 


ally to a common horizontal axis ‘by their edges 
side by side and making an angle about 15.degre: 4 
with each other. They are situated each j | 
behind the upper half of one of the slits, and can 
be tilted as a whole, the angle of tilt being ac- 
curately measurable. The angle of tilt «, to bring 


out the shift of one interference fringe is. about. 


160 minutes. Actually the two. compensator plates” 
are obtained by cutting. a cover-glass for micro> 


attached is at. one end fixed to the centre of the 
prism-table of a spectrometer in. tumbled Position 4 


The double-image. prism G serves to. separate 
the light of perpendicular and parallel polariz | 


tion for both eels can be: made at 


width and can be moved sideways. If. we cho 
the thickness of the glass plate D-for 10mm, 
unnecessary reflected light in Ke gine Plate f 


enter the double slit. D can rotate around 7 


At first Dis placed i in the position a relati 


the fringes to be ‘eataa’ Then D. is. heal ed. 


compensator plates being. read. ‘Then ‘the pk 
shift is determined by the equation . 


1 x 2 he RPM “a 


‘ a 
ee 


’ 


to take about 10 ees fon ad 
take mean value. | ps ee et eh Z 


_ According to Tolansky(), the present apparatus 
A of the two beam interference type and the 
4 iterference . fringes are not so sharp as the 
iti-beam type. _ But, in practise, perhaps owing 
0 the logarithmic response of the eyes, the dark 
-asurements are possible. The simplicity of the 
present method may be rather advantageous com- 


Paring with the other methods. 


§ 3. Observations. 

2 (i ) ‘Silver films" 

Silver was prepared by bering silver nitrate, 
and it was evaporated from heated tungsten coil 
in vacuum of the order of 10-*mmHg. ‘The glass 
plate to be silvered was placed 10cm upward the 
tungsten coil. The observations were done alone 
“for 4 = 5890 A (with about 50 A width of wave 
length) and mainly for the incident angle G02 
and 70°. The angle 70° was the maximum value 
much difficulties with our instrument. 


Alms are plotted against theco sine of the incident 
The thickness of films are respectively 
| “about 250, 170, and 300 A. They were determin- 
Sed from the evaporated quantities of silver by 


CEM Ar One ys cee ue nto sls ss (2) 


where M = the evaporated quantities of silver 
Ser = the distance between the coil and 
glass plate 
o = the density of sels be 


ve means the phase shift of the perpendicul- 


“arly polarized light (namely, with the magnetic 


vector parallel to the incident plane) and 4, that 
of the parallel polarized light. 


For smaller angles than 70°, 
exactly on the straight‘lines connecting the values 


‘ia form fairly smooth curves. The broken ‘straight 
pees ope connect he calculated values for 


frings are fairly sharp and pretty acurrate me- 


by which the measurements can be made without 


In Fig. 2, 3, 4, (A), the phase shifts of silver 


4,, 4, ‘are not 


for y= 0° and 70°, (cos 70° = 0. 342) although they 


189 


y =0° and 70°, the calculation being made by the 


assumption of m = 0.18, & = 3.64 for silver films and 


of adequate thicknesses for each films (~ 210, 180, - | 


800 A), that is, thicknesses so chosen that the 
calculated and the measured phase shift for normal 
ineidence coincide. 


With the increasing incident angles, | ne visi- 


bility of the fringe of the 4, component became : 


gradually worse, while 4, Musovure gradually 


better: 


The values of 4, do not change remarkably 


from the value for g=0 and have the positive i. 


sign, that is, the phase advances inithe silver film 


rather than in the air of equall thickness. On _ 


the contray the values of 4, decrease almost 


straightly and some times change its sign for ty 


large angles. 
The advancing of phase for g=0 in silver’ 
film has been already recognized by Quinke(? 2) andi 


the differences between 4, and 4, are known in- ier 


directly by polarimetric experiments() and direct- : ae 


ly by Blau®) and Tolansky®). But the author is 


not aware of reports which treated the problem 


may be presumed from the electromagnetic theory — a 
abet | 


by the assumption that the film consists of uni- — 


form ‘material bounded by two geometrical 
planes(). 


accurate measurements concerning with silver 


will be given in a near future. 
Fig 2 shows also the change (B) undergone 
when the opened bottle of HCl was approached _ 


for several minutes to the specimen after. ihe 


measurement (A), and represents an example how 


the. silver film is sensitive to contaminations. . ‘oh 
Fig. 3, 4 concern the specimen which were © ; 


after the measurement (A) changed to AgBr, hav- 


ing been placed in the vessel filled with Br, vapour 3 


about 1 hour or more,\and measured after the 


evacuation of several minutes (B). These AgBr 


But such discussions together with more — ii 


films have native phase shifts and pre s ent large fe 


irregularity. ; 

The field of telescope bacame in this case some- 
what: blurred perhaps due to scattering. vt 

In Fig. 3, the AgBr film had been illuminated 


for several minutes by the quartz mercury lamp 


= phase shift of Ag r : 
= ef Agel AASB, 


Fig. 2. ey : UP oak Fig 


+ 


oh 


stage distinct change was not observed) 
_ plackend by M. Q. Seveloper (C), then 
n exposed to the Br, vapour (D). In Hig;,t 


cr gative values. Any ebadiwion of metalic silver ; 
; ape * 
as not gbaenvat and the Pe or Notice-" 


4 a 2S ee 


through the film 
_is given for vari 


es is not correct. The Hoes with theory 
however, more remarkable for phase shifts, 
piace retardations of about —0. 05(4/20) were 
‘ovserved for all the thicknesses, while theoreti- 
cally there ought to be advancing of phase. If 
take the optical constants as = 2.0 ~ 2. 5 and 
k= Blea 2 0, the measured values may be some- 
¢orrespond ton= 2.6, = 1.2). But the origin of 
‘the inconsistency is not yet clear.- If jthere oc- 
curred some oxidation of Pd film during the pro- 
“ess of evaporation, such behaviors might be ex- 
plainable. (The purity of the used lead was of 
‘the order of chemically pure.) 

(3) ZnS films 

Several specimens of different thickness were 


‘ment, the wave lengths of maximum and minimum 
transmission of the films were determined. (The 


tensity measurement was made fairly accurate- 


aa with sieemells and UX-54. tube. 


v rat accordant (the lines —-—-—-— in the graps- : 
while the phase shifts are represented by oa 


From (8), (4), eliminating J, 


made by evaporation. By the intensity measure- . 


Taba duc, wares 


Paros re ini Fears aly” 
191. 


The details ~ 
of the measuring apparatus andthe observed oe 


curves of the transmitted and reflected intensities ; 
will be given later in another place.) i 
“ e 

With these wave lengths, 4,,, the relation * 

: a 

by 


nh = Minfd m= 1, 2, 8,-2.2 ene Bae 


must hold, where 


See e 


m= the refractive index of ZnS film and 


ora 
DF ae 


il =the thickness of film, 


or NG 
aaa ieee 2: 


A 


bes Simin «ices cc 


siete 


m= 1/1+44,,/m) 


In this equation, m is easily determined ; by : 
inspection of the intensity curves, and as. diy are 
measurable, it is possible to determine ‘the re- 3 3 
fractive index of ZnS film. : : 

The results of such determination are repre- oe ia 
sented in Tab. I, and Fig. 6. aie 


wb oris O60 Eas ovo 
Y= 


we : Fig. 6. ‘Refractive index of ZnS. 


the constant a and 6 were calculated by the ~ 


‘method of least squares with the values in Tab. I. 
he values a= 0.927 (u)-1 b = 2.89-were thus ob- 
ined, and from these constants, the refractive 


; Specimen Adan Soo * 

x Ail #) ; 0.512 | 0.590 | 0.550 0.680 0.535 0.685 0.660 0.610 
4} 20.885. | 0.741 | 20.700 | 0.649. | 0.679). | 0.481.) 0.275 | Oe 
5 Ss ar 5 5 4 4 3 2 rm 
Ang Soeiae- |) 20.148 0.140 |. —0.18T | 0.145...) |—0.144~— | 0,138 0.142 
eS | 2.88 


‘which shows fairly good agreement with the re- 


Assuming a linear relation n = a&-+b simply, 


index for 4 = 0.589 » was determined as 


n = 2.34 + 0.06 


> 


fractive index given for spharelite 


n= 287 


§ 4. Conclusion. 

From the several examples given above, it 
ean be said that the simple double slit interfero- ; 
meter serves to measurements of phase shifts and 
is fairly useful for the investigation of thin films, 
especially when it is combined with the intensity 


measurement. 


Wa | ' “The cathort Wishes % express his thanks fo! 
' Prof. M. Kiuchi for the kind guidance and also 
to ‘Mr. G. Kuwahara of our institute, who made 


‘the in tensity measurements for him and to Mr. 
M Inoue of the Hitachi Kameari Works, by whom 


pure silver was presented to him. 
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On the Vapour Flow in the Diffusion Pump." 


By Seiichi OYAMA. 
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a purposes. 


the vapour is effusing through a small hole « 
_vacnum “the vapour molecules ‘obey ‘the. 
ue 
law of velocity distribution. but the. 


ibe 


speed v has a spherical symmetry. _ If the 


i is flowing as a whole along the wall at a 


eed v oe than V, however are able to effuse | 


‘the left hand side of y-axis; and Molthan 


“In fact he SR that 


ir distribution of the molecules with a de-_ 


in accordance with. the velocity ai 
ic 
Maxwell. ~ aan sonra ut tee 


course be {heed into’ account in the k 
shi which Teads to ‘the A 


‘ k flow is too simple to take ac- 
f ‘the effect of the geometrical structure 


vapour shows the tendency of forming small liquid 
“ops during its expansion ; indeed the correct re- 
tionship between pressure and density is un- 
1own. In view of the mentioned situation his 
veatment may be considered to be only a first trial 
f attack of the phenomena in question, so it will 
2 worth while to propose here the author’s method. 
The pressure of the working vapour of a dif- 


‘usion pump is usually about 1mm Hg in a nozzle 


a the scale of the nozzle so that hydrodynami- 
al treatment may still be permissible. More- 

mic flow under a suitable design of the nozzle and 
e fore-vacuum. Therefore, we first apply the 


an -then,. to discuss the region of highly rarefied 
va pour, we make use of ue kinetic: theory of 
gases. Thus we find the manner in which the i in- 
tensity of the back flow is affected by the presure 
of a working yapour, by its Mach number, and 
by the width of the clearance connecting the work- 
ing section of the pump with a vessel to be ev- 
acuated. As a results, it is found that the super- 


sonic velocity of vapor flow is much profitable , 


for increasing vs Pamiping epee. 


$2. Vapour Flow oa a Nozzle. 


For simplicity we confine the problem to two 


limensions and then assume one of the walls of: 


1 nozzle to be removed infinitely distant in order 


© avoid the interference of two expansion waves 


ent out from both edges of the nozzle. Thus we 
oe able to apply the Prandtl-Meyer theory :of 
he supersonic flow around a corner to the vapour 
low under consideration, but after enough ex- 
yansion: for its mean free path to be 1mm (ef. 
fig. 2 Line ON) we cease application of the theory 
ind consider the ‘stream to be flowing away 
jarallel to OB ‘with: ‘the velocity V correspond- 
ng to. the state on the line ON. Then we make 


se of the kinetic theory to estimate the number 
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nd ‘therefore its mean free path is much smaller 
ver, we can expect. the appearance of a ‘super-_ 


E andtl-Meyer _theory of. supersonic. ‘gas flow | 
round a corner(?) to.the vapour flow in the nozzle, © 


‘1mm Hg and T= 399°. 


- conceivable that the vapour would be also to re- 


v, 


‘of melecules evaporating from the surface OB. 


{ 


To start such a calculation we mnst be given 
such quantities as the speed V and the position 
of line OB etc., which can be determined as func- 
tions of the state before expansion (correspond- 


ing to the region AOM). For convenience’ sake — Pie 


‘it is arbitrally decided that the both treatments, 


hydrodynamical and gas-kinetical, should be con- 
nected at the line: ON where the mean free path 
attains 1mm. ’ tea 


Taking into consideration the fact that the pe ¥ 
vapour pressures, p, of mercury is nearly pro- ; ae 
portional to T» (T being: absolute temperature) — . 
near | jaye Imm Hg, T = 399°, we shall consider _ 
the vapour flow as an adiabatic process of. an im- 
aginary gas whose 7, the ratio of the two specific n iA 
heats, takes 20/19 passing through the state P ae 
Further, we shall “also 
make brief calculation with the value 5/3 for r pe i 
in view of the fact that the formation of small Un 


liquid drops has not yet been experimentally con- ue By: 


firmed in such a low pressure, and so it might be i Wik 


main in a supersaturated state. The correct y 
treatment of the vapour {flow accompanied with oF 
the formation of fog is very difficult, and detailed ; 
investigation in future will be necessary. , 
Let us introduce polar coordinates r, g, taking — | 
When the 


constant of integration is made to vanish by mea- : bes: 


the origin at the edge of a ‘nozzle. 


suring (y from the radius at which w=0, the t 
results of the Prandtl-Meyer theory are : 


12 
eee ee (1+ cos 2a), (2.4) 


Ba (2) =(B)" (Lia corti) lp 


nee m= = ae =A abe ie vig arith (2.3). th 


“where (u, %»), 9 q 0, ‘m are respectively the velocity, 
its magnitude, the density of vapour, local Mach 
a angle and 2 = (r—1)(7 +1). BP ast 

mang “Henceforth let us discriminate the various 
te 3 by suffixes, thus giving suffix o for the stag- 
on ‘point, * for the state where the velocity 
ttains the local sound velocity, 1 just before 
ansion and 2 for the state in the region NOB 

re “the mean free path equals 1 mm. , 
If we consider a molecule to be a rigid sphere, 
ent the mean ise path l can be related to n, 


v’ cos @ = V+u cosa, } 
»’siné = vsina, Fe 
Hence. O35 ikon bees 
$3 v/V = (cot @-sina—cosa)-1 

dd w(Vcosa+v) s eo 
da BES Ae sieie Ss mast sien 


So the Setibeaien funetion gv, 0) ir in the Rosy 

where v represents the speed due to the hea’ 
tion, can be related to Fev, co) in the Cayste 
follows : ? 


gv, 9): = fey Sista ' 
ic Thus we can get the desired quan- ve 242Vv0e cos mre. ye 
27 n= V and T as Tunetions: of Pr, and = at rs * Paes :: 


ee R-system by intestine @. Bye over all the Po 
values of v. Thus: a ea , 
\ 


n Cy * gin? )\4 tem? a 
aa 


Ko) Py e @ sin’@ we 


: Th, ge Sh RE 
where vV i he a funetion of. a igs paral 
@ and its behabiour is shown in Fig. 5. 
numerical calculation ‘it is convenient tot 
© v’) ands (aint saa a)(u/ vy. 


ete Fine 


S as Numerical Resul's 2 x * 


3 ry Sy. When the ceases we 
locity of the flow attains Mae the 


‘this case. Those . Toteantee which, in a co- 


é 


Si a = = Saba 


10 wn in Fig 6, and the width d may be varied 
a diaphragm. Thus we define the intensity 
0: the back flow H by the number of rar 


vacuum 
vessel 


Jet 


' /fore- 
- vacuum 


We shall investigate the-effects of the pressure 
x».the Mach number M, and the width d of the 
It must be 
jointed out that px is a certain measure of the 


‘clearance upon the back flow A. . 


eating current of the pump and M, is related 


o the cross section S of a nozzle. We have cal- 
ulated for the cases when p, is 5, 1, 0.1mm Hg 
and M, is 1, 1.406, 2. 262 respectively for the flow 
In Table I 


arious quantities necessary for the calculation 


of imaginary gas with 7 = 20/19. 


are given, where c¢ denotes [27/(T— 1): oO ]/? Also 
the results for r = 5/3 are given. 
(0) for these cases. Although the value o is 
ffected by Mach number M,, I(6) itself does not 


‘When px is high, the value V becomes so large 
that the distribution of the forward part tends 
to be {more predominant.. As regards the case 
1 = 5/3, 
is so rapid and consequently the heat motion be- 
‘comes so weak that the. backward distribution is 


Be actically zero (cf. Fig. 7, dotted line). Of course 
this is desirable, but it is hardly conceivable that 
the formation of fog does not occur during such 


ne ext, the | 


temperature drop during the expansion. 


a pour Flow in ‘the Diffusion Pump. 


e 


the angular distribtion 1(6) or 70) =\ Tada, ues 


Fig. 7 shows — 


epend on M, and can be determined only by py. 


. rapid cooling. 


195: 


Therefore we did not attempt: 
further study in this case. 


40° 135° che 


0° 45° 


Fig. 7. ‘dotted: line is for 7 = 58, rie . oe a 
Px = 1mm Hg. See a 


Having obtained ‘the situation of line OB and 


can estimate the back flow H for the given stru- 
cture of the pump. As shown in the definition “ 
of the back flow, we assumed the condensation 
In Fig. 8. His ey es 
against clearance d. We can see that highly 


at the wall to be complete. 


supersonic flow is effective for reducing the back 


flow, particulaly when p, is high. In Fig. 9 curves. 


flow will be less. But with increasing p, both 
V and w increase, and thus H is determined by 


the balance of these two effects. 


20 fe 2 On a) Sone 
Fig. 8. The Intensity of the Back Flow 
versusthe Clearance. 


TL: My=1, I: My = 1.406, IIT: My = 2.262 


condensation at. the wall surface 
able compaired : with the: above-mentio 
back flow. i 


§ 5. Summary. 


RS a ep ee ae 


Investigating the: vapour ‘flow in a “diff 
‘pump by a method proposed here by the pr 
author, the general tendencies of the” effec 
the working vapour pressure, its Mach nw 
and the clearance connecting with a va 

The Intensity of the Back Flow vessel upon the back flow of the vapour r 
versus the Vapour Pressure. seen and the advantage of a supersonic fl 
view of these general tendencies obtained emphasized. ‘As the working pressure of 

vapour is at most several mm Hg, and consequé 
ly the Reynolds number of the flow is very s r 
the sepration? of the flow or the. ‘formation | 
shock wave may probably be much delay 
‘that we can expect the presence of the 8 
: sonic flow without great difficulty. ‘But or 
uum. It seems to ‘the author that pean other hand % ‘we are using a os and ‘no 


pesSmmHg | ay |) pe =01mmHg | py 

= 6666.1 C.G.S. - = 1838.2 € = 188.82.C.G.S | mm 
2 red I : v 

oO Moe ae ia : Bee her 


6666.1 | 4061.5) 895.65 | 1888.2) 812.30 179.13 | 


ah 1.406 | 2.262] 1 | 1.406 | 2.262 


1,158. | 3.128 |. 1 | 1.158 | 3.128 


BG°13" | 12°25} 0 | 56°18" | 12°25" | 


45°19" | 26°14/| 90° | 45°19) 26°14" | 90° 
170°41/ a ee ? ! ‘ | 139°47" . ze 24 ee 72°19", ms e 


el 


Bee an PR aaa Rab deg SS bees NT AG WN Sys et 37°39" 


| 187°63/ | 176°22" | 139°157 | 161° 27 149°31/ 12°24 109°58” + 98°277 
443.82° | 409.50° “| 364.97 | 
85780 seg ol eo | SST 


41230 | | s3660 |. 
341.2° Ne ea Wage 


. 35.35 « 10-10 


1.241 x 10% 


expansion; anaes its; influence has not yet 
en investigated. The author desires first of 
that experiments will be made in order to 
onfirm if or not the vapour flow in the diffusion 
pump is really supersonic, and secondly, if the 
flow, proves not to be supersonic, that the super- 
| sonic: flow will be acieved by improvement of the 
| design of fore-vacuum or a nozzle and by trial 


such as superheating of the vapour before expan- 


Z In the present paper some simplifications are 
‘made, which, the author believes, do not change 
‘much the above-mentioned general tendencies, 
‘Finally, it was not attempted to study the case of 
‘subsonic vapour flow, because according to hydro- 
dynamics the intensity val of the back flow in this 


ease seems to be considerably greater. Also, even 


_'(2) E. H. Kennard: 


(4) E. H. Kennard: 


yay ase, eka MeN a A ak 
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if: a supersonic region ‘appears near the throat 


. of the Meee it may happen that the region is ae 


very small and immediately followed by a. shock 
wave, thus the flow becoming subsonic downstream. 
In. such a case, H will again be large. It seems 

to the author that these case may correspond to 4 : 
the state such that the diffusion pump does not : ran 

work efficiently due to bad fore-vacuum condition. 

: In conclusion the author wishes to express . 

his cordial thanks to Dr. I. Imai for his, kind in- a 
terest and encouragement. ; . oa ‘a 
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On the Magnetostriction Vibrator as 
a Source of Suppersonics. 
By Yoshihito TakEsaDA. | 
Institute of Geophysics, Kyoto University. 
(Recived Oct. 25, Re 


BF truduction. 
The vibrator of magnetostriction is employed 
for the radiation and reception of supersonic 
(about to 60 Ke).. 
eurrent. applied to the vibrator, the vibrator of 
Al about 13 % 
‘efficiency - as that of the vibrator of Ni. 


In the case of the exciting 


Fe-alloy (Alfer) has the same order 
When 


the. high power sound waves are radiated, the air 


bubbles are generated in the neighbourhood of | 


the vibrator and a large abnormal absorption will 
oceur by the air bubbles. 
itting power of the sound will be much decreas- 
ed in the neighbourhood of the vibrator.. The 


: Short Notes 


' Accordingly, the trans- 


absorption coefficient of the weak sound waves 
may be taken from Stokes formula for practical 
purposes. But there still remains the necessity ‘ 
of computation of. the absorption | ‘coefficient of 
the high power sound waves, ‘in the neighbourhood 


of the vibrator. 


§ 1. Alfer Vibrator and its Wave 
Transmission. 
The magnetic property \of the Fe-Al sagen 

alloy was studied by A. Schulze*. He obtained © 

the value of 33.8x10-° for dl/l ( means length) — 

in the external magnetic field of 350 Oe for 10.52 


% Al-Fe alloy. Dr. H. Masumoto determined ex- 


perimentally the relation between magnetostric-_ 


tion and intensity ‘of magnetization for Fe-Al — 
alloy of 16.562 Al in the mgnetic field of 0 to 
1200 Oe. The metal of Al 12.68% Fe-alloy is 
named by Dr. H. Masumoto as Alfer. The 6l/l-H 
eurve for Alfer obtained by him is shown in figure 


\ 


Depth of che vibrahe, 3M 
Exciting current, Samy, 


~ 200 «300 $00 500 ‘ 
I yput power—> S 


Fig. 3. i 


with divhasacie! 
surface of sea, 
the 


oo 200 300° 
Input power—> 


Fig. 4, 


’ 


a. By t ‘the apeiieersal retnod ‘flnateased? in 
figure 2), we have obtained the result which | is 
ven in figure (8). The dependence: of the ef- . 
icy upon its position is shown in figure (4) 
respect to ae Alfer vibrator. When we 


large factor for the attenuation of ‘aot 


'§2. The sound waves near the vik 


3 cally the L wcaptig cbc) phenomena appears in ‘the 


‘ siirface.. ‘The intensity of the sound ‘fone 


thé » relation Aplp. = rojo. 3 


1/000 ' 
Bao f------- 
Ss j 
goo ———: Dpepth ses vbr, 
f as 8 . " a 3m, 
z $00 }f < —*—=: 4 a 1m,, 


It eae that ae ‘the 


measurement, the radiating surface of 
is” 18. 8emx1l0cm, the thickness of ‘Which 
0.5 mm, the resonance nib torte 23.6 Ke and ' 
perature of the water, 27°C. \ 


COM 62 3 ; ei 

When the intense waves are radiated to the 
medium, the air bubbles which are generated 
the sound waves will raise the damping: of sow 
intensity. In the case of the magnetostricti 
vibrator (radiating surface. is 18.8 em x 0 
driven by the power of about 0.7 watt/em’,, 2 


ad 


from the the; vibrator to the. surrounding medium, 
has various balues based on acoustic 
ec for the medium. ue eo 


phi where ve = ipslbe cas t 


at 
\ 


Cotclasion: eM aie spt Lay 


The vibrator 0 of t Atte i 


The absorption coefficient of. ‘the sound in- 


Wee In order to obtain an effective sound radi- 
i tit n, we must ‘give the high static pressure to 
“medium around the vibrator. 
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By ; Several years ago, one of us“) oimaryal un- 
entified patterns as illustrated schematically in 
ig. 1 in the electron diffraction photographs of 
» cleavage surface ‘of molydenite. | 
ther of t us explained the Lab iaie by assuming 


Fig. 1b. Diffraction 
pattern of the 
b-azimuth. _ 5 


pattern of the 


-in Fig. 2. 


ensity near vibrator i is indicated by a = |w/ VV I. : 


- to each other is at least 40 or 50, because the pattern - 4 


chains is calculated to be 4.63A. (Fig. 2). ‘If th 


Recently the. 


about 388A i in good accordance with that caleul 


the adsorption of long-chain hydrocarbon molecules As: 


on the cleavage surface of molybdenite. They are * 


oriented on the surface of molybdenite as- shown 
The plane of the zigzag chain of the } 
molecule is parallel to the surface and the chain 
is porate to the side of the seh of the bas 


a-azimuths 
Molybdenite - 


Fig. 2. Orientation of hydrocarbons on the - @ 
cleavage surface of molybdenite. ate 


Hydrocs7hon mae 


crystal. The number of ie oriented. par ee 


of the a-azimuth is very sharp (Fig. la). From 
the distance r in Fig. la the distance between t 


C-C distance and the bond angle (2) are assumed i 


as given in Fig. 2, the van der Waals” radius 
methylene radical eaeas out to be 1 99A, in | 00 
accordance with the available data.) From the 
sharpness 0 of the pattern in the b-azimuth, whi 


the molecule is estimated to be about. 30. 
It is also. worth being mentioned that 


a 
vie te ate 
wig bove 
the * ion 
ai iS 


when intensity of ‘the pattern described. ab 
becomes strong. _ They may be due to th 

long spacing of the adsorbed layer, although th 
sharpness is difficult to be explained, If th 


the case, the long spacing -is calculated to. 


from the breadth of the layer line. sere hy: 
.The origin of ‘the adsorbed molecules is “not bey 
yet clear, but it may be the vapour of oil ore 
grease in the vacuum apparatus: sea feel Ms j 
We observed that these patterns jae at ms 
high temperatures. It is rather ‘remarkable — 


that the organic molecules lie flat on the base 


. surface in contrast to the most of the reported — 


eases() in which they stand vertically on it. It 


is sta interesting +0 sadly ie ulate how 
4 the above 0 orientation is leg but we sigan a 


sation process of electrons with positive h 
References. " the colored specimen was set behind a narra Ww 
and long slit, and transmitted | with very wi 


Uyeda: Proc. Phys.-Math. Soc. Jap. 18 
986), 563, 20 (1936) 556. ‘light dispersed by a glass prism. The transmit 


W. Bunn: Trans. Faraday Soc. 35 (1939) light falls upon a rubidium photo-electric tut 
. | and the photo-current thus produced was: measu red 
d. p. 190. : by a duBridge-Brown circuit using a UX-54 t 
Uyeda: Proc. Phys.-Math. Soc. Jap. 24 — and a galvanometer of sensibility 40-8 amp/m 
2) 812. The results are shown in Fig. 1. ‘The ord 


Ets ‘Thomson and W. Cochrane: Theory ‘ 
Practice of Electron Diffraction. p. 197. represents ie value «= sl, whieh a defined. 


I = Ihe" : 


or fete Osaka eae 
H (Received. Nov. ‘15, 1919.) 


1 chlorides containing a small quantity of f 


chloride was | observed by ns Stasiw,( 


~*~ 


‘On. the origin of it’s absorption a ina non-colored erystal ‘ais YA is 
ow: ever, nothing has been known. rat its erystals. If the thickness 1 of the 
were > 0.05 mm as in a tbe case of ae aste 

ee 


me i red-purple, and BaCl, wet yellow. These 
AE 


} a fade out easily by the white: i like the 


Ns 
the e absorption curves at the Visible region of these 


‘From. these results we imagine a mechanism 


phe impurity absorption as follows. The nega- 


eZ ature of bonding energy. 
trapped in such a vacancy, an electronic state 


characteristic to its impurity may -be formed, and 
this state is different from that of ‘F-centers. 


From a ‘simple consideration of the potential box 
‘influenced by the impurity. ion, the system con- 
sisting of electron and vacancy may be more 
stable. Thus the observed wave. lengths of 


‘maximum: absorption may be shorter than the 


_ F-band. The. activation. energy of impurity ions 
required to cross the potential barrier may differ 
Brom that of the native ion. ‘Their colors produced 
"with X-rays seem to be almost unchanged by their 


impurity concentration: 


_N. aCl system, the color changes abruptly at Na:K= 


the color remains nearly constant. These results 
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- Probable Distribution of Segments — 
- . of a Polymer Around the 
38 te Center of reir 


By ‘Akira ISIHARA. | 
“Faculty of Science, University of Tokyo. 
(Received November 14, 1949). 


Most of the pileaiationd concerning the shape 


\ 


its segments around the center of gravity. If ne 


ion vacancies ae Pee to) come to the. 


If ne electron were 


As for example, in an 
6: 4, and at each region of impurity concentration — 


appear to contradict wha the Ivey’s suggestion(®. 


Zeits. f. anorg. allgem. 


Rev. Sei. 


- J. Chem. - Phys. a 16, 


etc rigorous solution of this problem, the determina 


a a high polymer molecules are confined to the 


Pes 
ease where one end of the polymer’ is fixed. We “a E 


can calculate also the probable distribution of — 


their number is N and the length of a chain is ‘i 
l, the coordinate of i-th segment is given by ey: ie 


acl weit Baty + ++ (GL 


. Besa ’ 


BEN Oa (NED )et ie 


where a; is the unit vector in the direction of the ty r 
i-th bond. By ordinary Markoff’s method, we can Be 
at once obtain the distribution function ( W)R: z 


C4 


_W(R) = ey "exp (—CfR), 


of Compressible Fluid. 


By Osamu SAITO and Aynd AmeMIva. 


Department of Dynamics, First ye. f 
Engineering, University of Tokyo. 


- (Received April 12, 1950). 


Several methods have been developed to stud 
the two-dimensional steady flow of compressibl ee 
fluid. Although hodograph method gives us & 
tion of arbitrary functions involved i in this expres 
sion by the boundary condition is much trouble : 
some, so we will treat it by another method. 3 
Using new independent variable such as w = wg) a 


and ¥, our equations will be given as follows: ee 
fo= ele 
Ee jae, ; 


- 202 
and ¢ is density. 
The velocity potential ¢ shee stream inate 6, 


- then, will be obtained from the following re- 
ations : 


OF 
o= s5e" 


The coordinates x and y are also given by 


a din = 8 ag Say 
2" eq 

a5 ae : dye saat cos C08 8 ig 
Pg 


bats Assuming that the equation (1) has an inter- 
mediate integral, the solution of (1) will get the 


following form : 


Pa 0) VS fjdw+ oF + E(w). 


2 


Ss tants | As ‘De ere Ait ee 


" 
4 


tray fanetion of we 


y= roe hy=T Fino oN, cos oF, 


where = T(x) means the boundary and fro 

I'M.) - = tan 6 we get 1 = ng). Lees ‘ “ ee 

Furthermore there will be found anot 
_ solution of the following type: : a 
len ee 

ios Aw+B Ones ek pas aaah Oe ae 3 


4S [aes mrdes er nee 


cis 


where A, B, C, BE, F and H are arbitrary con- 


- Phycical Bhetawtoas’ and dotsited! investi 
- tions will be Eres later. Hae ak ah dias 


> 


os Tokio SAKURAI. 


Electrical Communication Pes Ministry of Telecommunicutions. 


Received Reig 21, 1949) 


,= Co (u y Ug) CAE INE. 


: pe ; : * = C*¢* ( (U1 » ty) ebweeite : 
Flestromagneic Oscillation Modes “ 


by following formulas - 


1 #7, teens * 


B,=(le—le)Il, 


1= > > Ae ’ 
sea metallic + sibbon aiokents is placed on 2 Sat Ma oe eA pans 
lane of rectangular. te Y> z-coordinates. Each Ay eee oie y 2 ep bs ons H:=0. — 
2 ae ico ae ae 


bon. element is. directed icone to z-axis. “The 


sed 1 OHS 
MS hia, O20 hg B20u,” 


, Hae ia < 


4, é* in (2), (8) satisfy 


4608-18 = 0, ge 0. 


with ra ‘Hence 6) becomes approximately 


aii s i j 46=0, Ae = 0. 


$= 0; : ie =O: : 

{on mappa elements of the grating) — / 
sin x aonee th 1 of th ibbon elemen 
Jength to "electromagnetic wave. abe: meneres ie gts norma OF Ie a ake eS 
$ surfaces. 
: (7) and (8) are most conveniently solved by 


wn in. n Fig. a bret us take orthogonal enrvilt 


applying the comformal representation. Let w 
and z be complex variables defined by | 


w= +d, es = a-+9y’ (9) ‘ ¥ 
combined by the relation ee 


cosh w = m cosh {zz/(a+b)} , (10) 


: “where 


RS 


mesec {xb/2(a+ siewadee (r 2040). 


The formula (10) gives 


Rey cos $= Harman 2) 


si hd sin. ¢= m sinh {xa/(a+b)} sin {zy/(a+6)} 


curves ¢ = const. are traced in full lines, 
. the curves ¢ = const. are traced in dotted 


oineide with the lines y= i: y= ta +6), 
++), : . respectively. The locus ¢= 0 con-" 


e a in Peery bat of pnponies 
me eae the ue segments of apnea: 


-logm-+-n|x|/(a+b), @20) 


Sue tee) gee — : ie : ee 
~ (for electric type field) ) F ar ae lie ine: elon ek 
5 \ ‘ ; LE eh s er : 
orm Slog mi aisa+)), (x > 0): (Byes = {40 sim pees. 
—log m—z\z\i(a+d), (@<o} ay) — 


» (both for magnetic type field) 


ee ein values of |x|, as it is albany from Fig. 


SS OH 
_(Q) Cf. Lamb, Hydrodynamic, p. 534, Sixth Ed. 


ibe: 


* field i parallel ‘to grating, seid an 


value of |z|. For: the field “obtained be 8 
the boundary value problem founded on the 
that (13) and (14) hold for small values of | 
cero that pomndes on ogy and Sete and 


in’ the ‘neighbourhood of the - grating. ke a 
papativabing, (13) in (2) and @ we. have ae” 


+ 
OL 


E,=(e— We) Clog ms , : (for eat) 


€ 


Sere ty te: = +0) | 
—H, | ) jab Ak, » : : (for vaio) | Ke 
: en < 5 rete ee 
O)= ; = 
z, sync" nie * | “(for c= 4.0) 
.. “BOAR, (tor a= ay) 
: BRET % 


The common factor: -ehutsine is omitted for 8 
But in ‘reality | 
factor must be multiplied in above expre 88 
_ ‘The field components not written in (15) ar : 
: ‘If we substitute (14) in (3) and ©), we. have “4 7 


scity in above expression. 


HO =(8—1) Clog m, 4 (for 2 r= = +0) ee 
H,? ea — (Ke? =H) CHog ms (for, 2=—0) 


Bysjonc or es +0) mf 


™ > a 


~ 


on ‘ 
Hee eaueae rs 3 


Since it is ae io. add Sniteees 


on both sineh of the Vase the ae 
sides of- grating plane for both 
. magnetic: pice are as follows by Bs 


E, « hes = [Be orgie ae sy tate c 


RSS 
clwtsgh 


S B,° = at E noTHC Ss} 


el 


BihaB nj oioksghe 


A =H, Ae 2 tat 


“ Ejwttjhz * 
“tor magnetic eS Kea se 
sitive ‘g-side and negative hie of the grating 


respectively. © Eliminating -C. and C* between 
r ations of Ay), and (18), we have . 


Ez a joni 160) 3, OE}, 


p19 jase}, ao 


. BaBO, (BO sB,O, HO=He). 


we denote by Rk the Une ESrAnior directed By BOnE 


= fe SEP ke {jo nX(H® He) 
. ae EOE, 


~ ‘ i 


where p and p* in above fstontles expressed by 
‘the same formula’ as follows : 

7 pp = {a+0}/4}log m. (21) 
of the grating and express. the relations between 
Pe al and 7 in graphs, we get Fig. 2. “As it is 
‘clear from (21), the expressions | of p and p* ae 
o: the same formula. But since 7= a for p and~ 
y= 0b for pS the graphs of p and p* are different 
shown. in Fig. 2. The length @+6 expresses 
distance. between the similar: positions on 
el +hbouring two. elements, and in consequence 
+b in Fig. 2, expresses, the case. when the 


or this is. _deducible: from | nx EY) = cs nx Et) and : 


Atv we denote by 7 the breadth of ribbon elements _ 


eo. ae Soest t aoe t oes 
Bre Exe n- “HO =n: 1 A ee ENS 


ton -H) = n-H©) is not independent condition, . 


when 7=a+0. 


He) on t 


_ the grating is only transmitting field. Hence Bi ake 5 


bbon Blements 8 Grating, Blectromagnetic. etek ieee NM th 205. 4 

Bes =i pA Re f : Seer ies wo ° yee 

eae ea 

BCS log ay elves. ihe ; Wreadth of ribbon elements pecorhacr maximum 1 and i 


intervening space the elements vanish. p= o 


Os a tes 


Fig. 2. The Graphs of p and Bes 


when 7=0, p decreasds as 7 increases, and final 
p=0 when 7=a+b. On the other hand p 
when 7=0, p* increases with 2, and finally. ce 


Hab us now 


If we denote ie EC), HED, the f 


ing expressions : 


/ 


HC Hea Bibenihe, By?@t) = V ae BU) ete ae 
HL 0-)= Bl-)eike, i 


— 04) = AG )e-the, 


B,@-)=—Vaje BO) eit 
Ey G+) ss Vale AGN a ike 


HC) =Blre-ske, 
- HyC-)= Bl-Deike, 
H, 0+) = Al+le=dee, 


aks ae (ape Bne: te) 

BCs Vale Bl-) ele 
E,8+) 5 — Ve AC end E = 
where time factors are. omitted. The field ‘EC 
a negative «-side of the grating is the ; 


superposition of incident and. reflecting field, 
while the field EC), H\) on the positive ‘g-side of 


EQ)=EC+)4+£C-), | HO) =H). He-), ) 


EM sEt4), HY =H, dies eo . 
If we substitute (23), (24) in (19), we get Sel Sh 
AY 2ipB ; Bw) = ete ( 
-~ 1+2jp 142jp’ 
(for the plane wave whose electric (25) 


field is parallel to the elements of 
eines ) 


et GR 


n (for the plane waye \whose electric ; 
field ‘is, ey to the ele- 


k= anita get whee ta 


nd 2 express. the a ivuena of the ge Te Pe. ee HeSS 
Pats ph Bee 


It is clear Fig. 2. fas 1/p ae 


i ‘aah construction is to be first considered. "grows from zero to » full breadth. “Hence (2 
ements gratings are placed on parallel j --the Propagating constant h of the ee 
grating planes with the coordinates _ 


te, wa2e, REO and the construction 


wo @ @m - ww 
4 SNS bes Mae 


mat mm ee eee 


Fig. 3 
3 varying 1 breadth. ; 


\ 


- 


Ee 


which is “constructed by 
grating planes as. shown in F 3 
 w=ete, (eat Boy... parallel to 
grating plane shown in. ‘Fig. 3, 
placing ribbon. elements on both si 
ey conductor "between pels ai). 


. 20-B0- —jout I e-snv eivt cog 1e/2 _ 5, 
ee = By) 57? T e-dhy eiut sin Te/2, 


the: dotted les Oo: in nie 3.5 the wave 
in free . “space vote the . 


ee y the dotted line: ani in ae 3. the wave front 
the moment: when _the wave front is in-the 


Bae ans ‘this ‘moment. is approximately equal to 
hat of. the wave passing: through the space 
; own in. Fig. 5 Hence the propagation constant 
‘ hi in this moment is equal to h evaluated by (28) 

pa 


pr opagation 


by two parallel ribbon elements gratings 


‘Therefore as- wave eet ay moves ee 


e.. position shown 4 y- the dotted line ay i in oy 


_8., the propagation constant h decreases continu- 


_ the wave front (II) coincides the line (III), the 


’ comes on the dotted line (III’). 


propagates with the propagation constant k | 


ously from the starting value &. Finally when 
propagation constant h reaches the progagation 
constant of: Hy) wave in the wave guide of breadth 
c. The wave propagates further with this’ propa- 
‘gation constant. of Hig wave until wave front 
Thenceforth ‘the 
propagation constant increases continuously and 
reaches the value k, when the wave front comes 
on the dotted line (I’). Afterwards the wave 
the free space. Thus there is no sudden chan 
in propagation constant in passing through t 16 
Space between parallel gratings shown. in Fig. e 
Hence if we construct metal lens with thes 
_gratings, there will be no reflection of celectro- f 
magnetic wave in passing ee the lens. 


se 


eee: in the previous ‘paper. 
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ee Measurement se Uw ’.Fluctuation.. 


: na turbulent flow, the deviation of ‘the aie 


of wind from its mean value i is ordinari- 


On Experimental Methods of the Investigation of) 
Fe critic | Turbulent Flow, Il. 


“} By Yartaka SHIGEMITSU. 
2 Railway Technical Rescoren Institute. 
a : ; = se : (Read aly 23, 1949 ; Received Sept. 19, 1949) 
: : ee Abstract. : . 


: In the previous part of the paper() we discussed the fundamentals of ‘cooling 
a of a hot-wire and proposed a methed to compensate its thermal lag. Then in i 
Fo this paper, taking foundation on these theoretical results, we will show several 


‘methods to measure turbulent velocity fluctuations. 


pendicular to the «, y-plane making its mean direc- 
tion parallel to the a-axis, and its mean resistance 


~ is made. equal to R, then we get easily 


= 


We use the same symbols as 


4 


If a hot-wire is put in a turbulent flow per- re 


Voie : 4 Van, LTD ay ; 
ey VERE pigs 


where | i 


(R—R,¥ Of 
Ora Tea ATS 


12 
QRtia OV" (1,2) 


YP TE Te Yo Se PA Oma ieg aN ea nee 
Pion we 
, = ciate By ore te PEs 


_ Inthe above expressions, V é,/ can be measur- ay ‘yplane, C3" vanishes, ‘ond fs tl e effec 
d with a eee amplifier _ a LOT can be —_ first term in ‘the right side is vanished: “and 
. ’ of the third is made to appear itself, we get a 
possibility that ¢’-fluctuation-can be measured i in 
the same way as w-fluctuation. To cancel re 
effect of the first term, we need at least two : 
wires which have the same value of C1, and to 
get the effect of the third, need a direction-meter _ 


72> 


an  ealeulate the value of Ag 2 oe (1, 4 


as described previously. From this point of view, 
we will shows several methods to measure v= 


fluctuation. x : ce | 

-It is known that af. ‘Reichardt measured v= 
‘fluctuation with his « Dreidrahtsonde rte At first, 
we discuss this method from our theoretical point 
of view. «Dreidrahtsonde” contin of three q 


ee dience is made iti to R in a flow, - 


S and show As iat vay v, nig land At’ equal wires ; . two of them are in the heat wake | B 


of the other, on both sides of its center as shown . 
: - in Fig. 1. When these are put in a flow of mean : 


th this a panaseen amplifier, measure velo ty -YEOY ae Pees to thera), plane Aaa 


ep ieualty of the earn voltage e's by : connecting the wires (2) and (8) to the two armse 


_ of a Wheatstone’s bridge, we make these resis-_ 
‘tance equal to R i Fig. 2 then by 2), we 


have eee ee ee 
Z iF sa 3h 
- AW? 
Bs VER R ce “ (8) ( lira aa eh Sa 
J j ‘ * . a . Re oh ae . - HWw3 in x . é 


easurement of v! ’.Fuctu: 
ation Fig 1B eS of “Dreidrahtsonde” ‘2s 


three dimensional flow in which the mean — . . t 


s made parallel to the maxis, v’-fluetua- ey SEB ae Fat oss ry bg = ; a 


Oe Ry 


tes “* 


ae as *y (R—R,)! 
Ly RAR) | (R-RY of 
=(V+¥9 cos 67 sing! = Ve sk tt RPP ae ae ee set : 
pi sie furidamental equation a i Peas Sere aaah a 
aoa we ; eae AP any Go Pe ee oak, 
Me apr ~ mee ae “+R Watt Eh Se: a ee oe 
Mra +R = aVi4e/+09" (B31) =) wat. oat 
aS . fs gt Oh Vit (R-Ry . 
; f RRP oak Ag ; RRP a d3 
M= 4,2: ms R— Ro) em a, Sol en 
Rita RR TN (in (2, 1) ¥ and H vanish in this arrage ene) 
3 RRO OF Demet _ where the suffix 2 and 3 show uae and 
Wy Reta aV yas 4 
me: (R-R,? Of Vis he f ‘ lhe ik gee 
fe, a SR)? of . _Moreover we can expect a See | 
3 Rita a : y - 5 “ « > ? a . a ee jas 
SRR GS Moss | eee ee es 
far as the’ wire is put perpendicular te the ‘ 


1950) 


The wires are so small, that the wire (1) does 
not participate in causing new turbulence behind 


it (in our measurement, the Reynolds number of 
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Fig. 2. The Wheatstone’s bridge circuit 
in measureing v’-fluction. 


the flow around the wire (1) is ordinarily less 
than 10), and their distances are so small as com- 
pared with the scale of turbulence in the flow 
(the distance between the wires (1) and (2) is 
usually about 0,3 mm), so that 
V.! = V3! = VI 
(2,4) 
= oti= of, 

where V’ and ¢’ are designated as the two com- 
ponents of turbulent fluctuations at a point. Thus 
by (2,2), (2,3), and (2,4), we have 


ue +R/ = = C29, (2,5) 


where in this case, 


= R,!—R;', 
ue= 4,2 ae R,) : (2,6) 
RR) \ 5 (e\ _ (96 
or {— oes { ca ‘aa }. 


(2,5) gives a theoretical ground to measure ¢’- 
fluctuation, and it is the same form as the funda- 
mental equation to measure w’-fluctuation. Thus 
the previously described theoretical discussions 
can be similarly adapted in the case of ¢’-fluctu- 
We first get the value of M, of the wire 


(2) (or (8)) in still air, and next read the value 


ation. 


of the current J to keep the mean resistance of 
the wires (2) and (8) equal to R in Fig. 2, then 
by the relation of M/? = M,/,?, we. can. easily 
determine the value of M in this-case. So, in 
-the “constant resistance method’? as shown in 


Fig. 2, we can calculate the intensity of ¢’, in 
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the same way as w’-fluctuation. The above dis- 
cussions can be adapted in the case of not neces- 
sarily symmetrical arrangement of the three wires 
as proposed by H. Reichardt. 

To avoid technical difficulty to arrange three 
wires very closely, we have the following method. 
We put three wires asin Fig. 2, but in this case, 
only the wire (8) is put in the heat wake of (1), 
and (2) is apart from it. Then in the ‘constant 


resistance method’’, we have 


ME a { a of yt 


eat Rio OV, 
oR +R, 
(2,2/) 
Pe Set ae (R—R,)*) (Ff: 
Sl ee. ey )ett{— “Reta } (ae, ee 


When the distance between (2) and (8) is not 


so large compared with the scale of turbulence, 


Of: Mes 
av, tO =——— av,’ and 


then we get, in the same way, the following for- 


mula 


V,/ can be taken equal to V; 


eR! & ow’, (2,5) 
dt 
where 
R= RR 
4,2ms (R—R,) 
Theres 
_ (R—R,) R,)* ( aie 


a R, hate) OP; 


Me 


(2,6) 


So, ¢/-fluctuation can also be measured by this me- 
thod. It seems to be useful especially when the scale 
of turbulence is not so small. 

In turbulent boundary layer, the scale of 
turbulence seems to be very small, and it is 
preferable to put each wire as closely as possible. 


From this point of view, the author developed 


Fig. 3. Arrangement of Thomas and 


Baily’s type. 
a direction-meter of Thomas and Baily’s type, to 
be-useful in measuring v’-fluctuation in this case. 
When one wire is put in the heat wake of the 


other, as shown in Fig. 8, then as for the wires 
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(Vol. 8! 


Fig. 4. Simultaneous oscillograph records of w/-fluctuations at two 


points. 


dary layer flow (the distance is 0,9mm). 
parison, two uncompensated aplifiers are used. 


1/100 sec. 


A is potential flow (the distance is 0,6 mm). 


B is turbulent boun- 
For the convenience of com- 
Each timing mark is 


Fig. 5. Comparison of fluctuating voltages between AC in the Wheat- 


stone’s bridge circult (cf. Fig. 2). 


(2) and (8), the formulas (2,2’), (2,5’), and (2,67) 
also hold in the ‘constant resistance method” of 
this system, and similarly we can measure the 
intensity of ¢’’fluctuation. 

Then, we will give several experimental 
checks on the assumptions of theoretical grounds 
of the above methods. Fig. 4 shows the simul- 
taneous oscillograph records of w’-fluctuations at 
two points perpendicular to the mean direction of 
the velocity, in two cases of flow. By these figures, 
we can estimate the range of distance of the 
two wires, in which the correlation coefficient of 

‘wl at these points is almost equal to the unity. 
Then it is assumed that when the wire (1) is 
taken off in Fig. 1, the resistance fluctuations 
of the wires, (2) and (3) are cancelled. and we can 
scarcely find ‘fluctuating voltage between A and 
C in Fig. 2, compared with the case, in which 
the wire (1) is put in front of them and the heat 

‘wake is turned on. Fig. 5 shows an experimental 
- result of. this comparison, in a potential flow. 


‘Fig. 6 shows an experimental curves of R- soa PBT V) 


A is the case when the wire (1) is put 
in the front. B is the case when (1) is taken off. 
pensated amplifier under the same state is used. 


In both cases, one com- 


(where 9 is taken constant) and oa SL) (V is 
constant) of the wires (2) and (8) “Es Fig. ly iy 
these figures, the voltage fluctuation of eg! be. 
tween A and C in the “constant resistance 
method’”’ in Fig. 2, is assumed to depend largely 


on ¢’-fluctuation and scarcely on w’-fluctuation of 
the flow. 


In non-isotropic turbulent flow, it is supposed 
that not only the value of mean velocity, but alse 
the form of heat wake of the wire changes from 


] 0,016 
ar 
| ee ee 


3 (%) V3 “2 0 2 ideg, ru 


_ Fig. 6. Experimental curves of R— sen), V) 
R-— —R, 


R, Ra “> p, 4%) of the wires (2) oO} ‘and (3) 
(@) in Fig. 1, oe : < a 


and 
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place to place, and the calibraton in the procedure 

of measuring v’-fluctuation is complicated. We 

show it as follows ; 

(i) With a direction-meter mentioned above, 
make a calibration curves of 9 and J as 
shown in Fig. 6 and get the relation be- 
tween ¢ and J. (@, = A1Gal where c, is ex- 
pressed by (2,6) or (2,6’) in each case.) 

(ii) Determine the value of M, of one wire, 
_in the same manner as the ease of w/-flu- 
ctuation. 

(iii) Put the direction-meter at an angle to the 
mean direction of the flow, so that the dif- 
ference of the values of tangents of the 
above calibration curves may be large. 

(iv) Read the value of J, by which the mean 
resistances of the wires are equal to R, 
and know the values of @ and M. 

(v) Adjust the value of the constant of the 
compensation circuit equal to M. 

(vi) With this compensated amplifier, measure 
the intentity of eg’ by the method of sub- 
stitution with an alternating current of a 
known frequency (for instance of 50 cycle/ 
sec.). 

(vii) With the wire which lies ahead in the di- 
rection-meter, measure the value of V. 

(viii) Then we can calculate the value of VY ye 


as follows; 


a 
Vv eq" 


V1+MA22x50P - 


LVF = , 
, it 


(2,7) 


-§3. Measurement of u’v'-Correlation. 

In the investigation of non-isotropic turbulent 
flow, it is important to measure the intensity of 
Reynolds’ shearing stress, —ou/v’, but as for an 
experimental techique, it is easy to measure a 


correlation coefficient of wu! and v’; 


(wo) (Va? ve). (3,1) 


In the previously described direction-meter, 
we can measure w/-fluctuation by the wire lying 
ahead. Thus, fluctuating voltages which corres- 
pond to u/- and v/-fluctuations, can be taken simul- 
taneously. And so, there opens a way to measure 
these correlation coefficient, as those of u/-correla- 


tion at two points, which have been proposed by 


many writers. Ina direction-meter shown in Fig. 
1, all the wires are connected as shown in Fig. 
7, and the constants of the compensation circuits 
of the amplifiers A; and A, are made respective- 
ly equal to the time constants of the wires (1) 
and (2), then we can measure w/- and v/-fluetua- 
tion simultaneously with the two amplifiers. when 
I, and I, are taken respectively as the out-put 
values of the amplifies A; and A,, and J) as the 
value of the difference of those of A, and A,, 
measured with thermal-type milliammeters, then 


we can take as 


Fig. 7. The Wheatstone’s bridge circuit in 
measuring w/v/-correlation. 


T,=aVG", I, =8V0", I, = V (aul — Bo!)*, (8,2) 


where « and # are constants of ratio. By a 
simple calculation, (8,2) leads to the following re- 


lation 


uly! Tirtdc—te 


VER vee OTT, Ce, 


Thus we ean e¢alculate the correlation coef- 
ficient of wu! and v’ by this relation, and further 
get the value of shearing stress, —pu'v!, by me- 
asuring Va/? and “%. In the case of the direc- 
tion-meter shown in Fig. 8, the fluctuating voltage 
which dieates u/, is taken from the side AB in 
Fig. 2, and u/v/-correlation coefficient can also 
be measured. 

When we measure w/- and v/-fluctuations 
simultaneously by the ‘‘constant resistance 
method’’, as we choose the values of R of the 
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two bridges equal (cf. Fig. 7), the difference of 
the time constants depends only on that of the 
heating current, and its difference is usually so 
small that it is not so erroneous to take these 
constants equal. Then it is possible to measure 
the above correlation coefficient with one amplifier, 
as in the measurement of w/-correlation at two 
points. Taking the value of R.C, of the com- 
pensated amplifier equal to these mean value, the 
methods of measuring -w/-correlation coefficient 
proposed by G. I. Taylor@) or H. L. Dryden), 
can be applied to that of w/ and v/ at one point. 

For the purpose of investigating the aspect 
of u/v/-correlation qualitatively, it is convenient 
to use the method of a braun-tube oscillograph ; 
when the two out-put voltages in Fig. 7, are in 
the two orthogonal axis of a braun-tube oscillo- 
graph, we can evaluate at least the order of the 
value of the correlation coefficient, by the figure 
upon the tube which shows itself a frequency 


distributing function of w and v about the mean 
velocity. 


§ 4. An Example of the Measurement. 


As an'example of measurements, we show 
an experimental result on the flow in turbulent 
boundary layer, which is along a flat plate with 
a slightly positive pressure gradient. Fig. 8 


shows the distributions of V, “a”, Vv”, and 


(u’v) (Va? Ve”). Fig. 9 shows simultaneous oscilo- 
graph records of w/- and v/-fluctuation in it, and 
Fig. 10 shows a figure which shows frequency 
distributing function, the photograph being taken 
by the expossure of about 20 seconds upon the 
surface of a braun-tube oscillograph. 

In conclusion, it is a pleassure to record here 
a debt of gratitude to Mr. M. Siotani, for his 
kind guidance particularly in the early period of 
this investigation, and also the author desires to 


acknowledge the laborious \assistances by Mr. 


(Vol, 5, 


Fig. 8. Distributions of V/V,((), 
VaP|V Ti (@), VO") %7(O), and (ulv’)/ 
(Viv %\(@) in turbulent boundary layer. 
The suffix 0 shows the potential flow out- 
side the layer. V, = 14,3 m/s, Y %/?/Vo = 
0,006, +e, !2/V = 0.006. 


Fig. 10. A photograph which shows 
the frequency distributing function of ~ 
u (abscissa) and v (ordinate) about their 
mean value at a point in turbulent boun- 
dary layer. 


N. Matsumoto and Mr. T. Uchida in our labor- 
atory. 


Fig. 9. Simultaneous oscillograph records of w/- and v/-fluctuation 


in turbulent boundary layer. 
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31. Introduction. 
The of treating the transport 


phenomena of gases which have been developed 


methods 


mainly by Enskog, Chapman and others(), 
be somewhat altered if we wish to treat the 


phenomena in _ quantummechanically_ degenerate 


gases at very, low temperatures. Actually, when - 


the mean de Broglie wave length h/2nmkT - 


corresponding to the mean temperature motion 


becomes comparable to or: larger than the diameter 


To of the colliding raplecales » the product of the 


mean ‘tree path | and the desity. 0 becomes to 


depend upon: the density and ‘the temperature. 
Thus, ‘Uehling and ‘Uhlenbeck 


2 quantummechanical generalization of. the method 


found in -a 
of Enskog and others that it comes sae the 
alteration of the “ Stosszahlen ‘Ansatz”’ and the 
deviation of the quantummechanical cross section 
4rom the ‘classical one, and also confirmed the 
ingenious estimation of Enskog@) and the pro- 
cedure given by ‘Massey and Mohr‘) who took 
into account the ‘quantummechanical corrections ‘ 
by introducing. the quantummechanical cross 


; 


_ section into the classical expressions of Chapman 


“tor the gas. coefficients. s 
i: On the other hand, for the degenerate gases 


. at very temperatures it is no more satisfactory to 
“do with the small quantummechanical corrections 
to the classical~formulas for gas coefficients, so 

that the further extension of - the theory is 
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- A 
must— 


cedures of solution of the fundamental equations : 


are the same as those of Chapman and Uehling ) 


; ae 


SY 


required. Moreover, recent progresses on “the 
experiments with the isotopes He, and He, promote 
us to extend the theory furthermore to ‘include 
mixed systems also. 


In the present article, 


therefore, we want to ‘treat the mixed - gases 
ADD. 
cations to the degenerate Bose-Einstein gases 


obeying different Statistics in general. 


and to the other special cases will be discussed in 


the following papers. Since the general pro- 


we want to describe our theory briefly. -omittin 
the explanations of obyious notations - such 
time t, Boltzmann’s constant k. : 


* 


§ 2. Fundamental Equations. 


_ The fundamental equations of our theory a @.. 


the Boltzmann’s ees which are a 


Difi = oe ind of —J1i(fi)— Jv Afi), Ane ‘ i 
pe ) 
Dee ete oh yy. es Jal fy) J 

where 


Jesh fi = ( Ueto 1+ ute) (1853) ae 
—fi'f;! (1+ Oefs) (+8 fi} gw (2; 9) de dy. (2) 


The suffices 77 represent the colliding two mle i 
cules, and the suffices 1 and 2 represent the — 
two species of molecules ‘obeying the statistics = 
represented by the para ietee 6; @=1, Oand cs 


correspond to ‘ate case of Bose-Einstein, Bolt 
: mann peat Fermi-Dirac statistics respectively. 


Ag mya} Matty = ne 4 
. Jj 


Ok ami nays Fo, 


‘ 


a pis —5en Gareeemarinye 


net 


. ; Fi) = cy Ay = es ee 
dQ = sind dd dy, } AF ee) ee 1 


dh =Gilm/hyidr. f eh 
is the weight factor, m the mass eae h. 
pe constant: The integrations over 
es es o a iE 
in the Eq. @) we do not give the 
nes oh, Berguss it has the same form 


_ then the ‘Eq. © becomes: I es 


a ‘gir ah ph, oor 
=O), cst: Avex (ni) Lei 


= Pe tat 6624 
a exes zr fet ae zs ; : +2(¢ ae 
5 em ; | aioa ; fe Fe 
oo ae aa ae Po 

= uttd i 2h). ; 


ay ek. ne 
Sa (ta) —Vaa (ta) » } 


= ae FOO 140,17) LaF) bese 
xh Ft! a!) gw (9, 9) 49 dd. (6) 


Sd efore, ie is the fundamental problem to solve 


th eee equations, satisfying the following ed oda 


ce 


= {Am oe + farms eK (7). 


2 U2 dd, 


Pusha 2 a 


= ioe Uitdbs+} (pom Usidby. 


. ae notations. 


RAE Toh 10 0)? Ey-@ 
eAdag ie Sy) t 1°ay_ 
oS | fee eri) 


' Ob * 
bss fi 
sn La. Avexp (=r) | 


(66:75) ue ea 5 


AiO)? €1- ay 
eee exp (=—1;") 


{D, a} = diy 


ae Fil? 5-1, 


Amiacy exp. (—t,? ya 


S3. The Ges Coeticients. aS 
From Eq. (22), noting the first and » 


A= fl, eee 
(uae a 
Eat “Ds ee 


terms of the equation do not contribute th 


~ velocity, we can calculate the diffusion V 


of tho two species of molecules relative 


ip a Ae tee pie ~ another as follows : 


| Dime {F070 csereye é- Adb= ae 


ne aie Oe. BP ap == 0. Heras pressure and temperature of: the gas are wu 


- Fis reduces to: é , 


ae i: — m dlog Ay Ont 
ae cs n dn Ox = 


cee _ i one pany 


ee ae Pies = —Diz 
becomes. 


ee ates do foe. “alter~ 
the 2 equations: such as EG (14). 


an MMs : 

we ~ 8n? (Pa) dlogm 7 
mt dlogm, @log T 
Sues mn, dlog Ay Dre {Fist Li 


: Yahere ke= = Dr} Dia is the thermal diffusion ratio. 
On the other hand, the thermal flux g given tye 


seein wud, A 0) 


= ay 
can be transformed into the following form by 


‘i using Eq. (28) 


5 a a oh 
Stem Geneseo gree value for a 
2) Fi ad Cas See : igre es for Ho 
a 1 T POM 
Fe AA mance EE ee 
ei SG cca RO LOC: ee eee 
ene Fis witht use of Kq. (24), and consider-. $e aa brs sb ie At eRe he 
e symmetrical relation {A, D} = {D, A}, : fee UT, 8) . Aas See ba 


" \ eS | 
sy j and by B the determinant [brs and BY the’ one 
U,—0.) 1 oy ~ ist, obtained by. replacing rth column of B by. Br, 
ay ; then ‘pr is. determinéd as follows : 2) RS oe “—s 
i 5 x47 z ; : a ore x wo 42 % 4 
La _ {A, DY) - Seger ce es = By lB. aha ce 2 (89), 
4 tp, D} ] eos OES has ide area 


sae Thus, the coefficient of viseosity a is found tob pe { 
; is ; the coefficient of thermal conduction. © hae se ith ti ae ne 4 by 
FERIA ae 1 Bes e degree of a roxi ation is etermined y 
eine ‘th same way, the coefficient of viscosity ( . PP : ttt 
the degree of the determinant) : ee = es Foes a 
j = ce 4 ah ae cat oe 3 


t 


er, 


X % Svat bey yon Rey 


Ha Sot). to elete ap ach a: Da =— 
a a2 , RN eo Oe A 
3u “ Sen Wis 
and’ %j. (=). are analytic. functions: of ‘the ee Dee —t a taxa we 
*, and if we think of the condition Ae Sl Bre ee 
, AG and kO) can be fixed as folivwnst where Aay (or Tent is the 
Yee ot ee ear ak ete from the, determinant A 
ees PvE ks rst, he oe final rows Le Ba 
2p PQr+5/2) Fria}. oy 
T 6/2) Fi J}; cape 


i 


T(r+5/2) Fe ie) (65) ee ; i 
['(5/2) FR Swan Bn By Gree Be ‘and de - are the 


= §, [ ra%r— 


a ={I-NO, M-Moy, (36), 
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3 alw ways positive, assumes the mainimiqi 
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a owing to the quantum | efect./ “Therefore, ‘it is 


Introduction. Mes eee f es - expected that some changes in the coefficient 
; Many papers. have been published | concerning will appear at the condensation. In the nex 
the condensation of Bose-Einstein gas. Most of section we want to calculate these, follo 
r , however, treat only ithe equilibrium YEO: the ‘theory of Uhlenbeck and > Uebling | wit 


respect to the transport phenomena in gase 


g2. The Gas Gochicieats: 


At first we want to calculate the coefficient 


— gas. -In the similar way as Maile tied in fa 


the first paper oF this serics it is calculated 


~ follows: 
4 es sect | 
. << . 5 p : ae 
= fw? BACON Ai foler (pe Peneees oy 
(2) = fofexp(—r)¢ (e=5 met)? OP 
_ where, — ; mesa 
DR TO ae Pein yt . Sd) 
tr ie oe On ae : 
o=im 2heer sy 


ons “hoping Bia" ‘connect the peauits. with. 


An 
= “= cl/? 5 = 
p helicim; but we thin it is also necessary §=6390=e! U; |U| 


da = VG(mI/h) dé dy de, — 
-Hinst ‘ ; : Se ee 
nts = or oe <a ee "ie es 2 and in the region of He IE the equilibrium distri- 
; e is high enou eee: 
Ales * Hoes: ies = - bution function f”) is given by 


ts. do not ee on the e density, 2s estas "niet ‘Si 
fO stjexp()—1. (I>. 


A is a Seaton 


“becomes: 
x . Pia 
4 ag z 
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ge Agia Oe cee 


|q@,s| ; “and Aar is: the. ‘determinent % Di 
‘rom A by replacing its rth ‘column by” euiven y : ‘equations: 
1nd ling are the Sonne integrals : MAO? Sai Se l (mide 


te > oy 
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a) cos: asin @ cos 


| 
AY > 


cosa siné sind, © sin « cos 0 cose sind, 


a= feOC)heda, oe where 2, sand 3 
pike Soaks Pan 2 coset to the. 
ys = (Tip) eda. a3). ‘a : 


icing Eq. (11) ‘into Eq. (1), k is ee 7 


0h 


lering its final row and. ree with» it f 
mon element of which being zero. 
Vhile the integration of Fk Gey can be 


I= = 2 y 2 Pe cos 0, 


= s 4 oy rc : Ae sa ered 
v= wat Bp 
—sin 0 sind eae (1+eos 8), 7 


at 6 (1—cos #) ; 
-tsin @ sin 3 cos ¢} (1—cos 9). J 


Therefore, we arrive at: 


> = eee Ae i teenie: s 
ae Boose Fey ee yee x {rI(?,2) dof a fo ys 
argon of : ‘ x ich! —hy,’/)" d7, 


Ss us a | oe 


1/2 


ee exp e -27° Ee che 8 a dr. Ko 


be 


fon 0), Ay 
od if not ) : “given by i in ‘the first. ‘approximation as  foll Ww. 


xt ce AM heh, eS RS 


= —8kT— 


for 
J exp(— 2) 


: Au to eee and B, is calculated as follows: : 


ase <7 scolisions feareandins Sed 82-17 xi c ae Fee ~ 
n si : r = 
we eee the Seer ; ey ee 


* s-component of BE are given by: 


a: Ere [ (cos? = (24 427A eee 
47 sin? @ sin? a cos? e—7? cos? 6 sin? a 
—27r2 sin 9 cos Osinacose — 

at sin @ cos @ sin 2« cos e|, 


hy eo =] (cost a5) (2472-278 ie ae = 
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j EY CAN ley 5M 
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Osh. 
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expression for the viscosity © 
oe & 


Sas (mkT) PFs)? nel 
© 8% FO ee ra 


Pigs ‘2 


‘Viscstty—tempertare Reichs fs 


¥ 
y de as - 
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sree yh : , 
a Siodaa tite mn 


ollowing “expression: 5 


272-2) Glrt a he" hand : 
on SET site) rn uate ea 
pate Was. 


Yar a oer 
‘The curves with figu 


u 
ay 
— ti as 
, 


yay Wek the epipitical 


m=N(TIPM, 
m= NO-ITY), 62), 


PW, fF? ae 
as pou ) 


4 
Ry 


in Eq. (60) or (61), allowing the eee terms remain 


and bo 
ria 


they are. ~The curve 3 in Fig. 1, corresponds 
the experiment of Keesom-MacWood). As 


(rreeky Tay 


can see from the figure, the thermal conduc: ‘ 


vity thus calculated does not resemble the 
xperimental curves 50. well. The fundamental 


I rocess of, heat transfer in liquid helium may — isi 


iffer from the © process of momentum transfer. 


in the other hand, though the experimental Fig, 3. Ae he Mase as experiment: 


ts. on the viscosity of Hauid) helium differ for viscosity of liquid He. 


~~ from the region of He I to that of He wi ‘in 


us. It we leave the correction’ out of cons 


- + 


tion, the theoretical expression for ‘the vis S 


ies sia jens 1 fe aol woe en ABO) such as. given by Eq. (51) is appropriate rathe 


ere e ‘is the density of the gas, i the mean the lower per of temperatures. 
ee path. ‘Therefore, the theoretical “equations 


emeen that. only the norpal component transfer F 


e momentum, whereas the mean free path 


: epends on the density of the other component 


OH £ is expressed in a mixed peated as ues . 


oo Ajnv ZimPitmP,), : fe ; 64) ‘ 


) C7 


ee liquid He I, the viscosity is almost gas- 


Bure aes a _.» eross sections P and Q. 


a= 1. s6x10-°°T C. G.S.. a (55) - we have taken~ | a ee : 
=3. 2998 x10-?' gr. 5% = 2.10 x 10-8 cm, 


Ai the. eon! it shows a kick or <dicontinuity dha 


and decreases very rapidly | ‘as the temperature which are reasonable values to explain “the 


isco 


decreases, — With respect to the experiment, _. viscosity of gas at higher temperatures. _ 


Tisza pointed out that Keesom and MacWood may however beable, to explain the “corrected 


x easured WO whereas they thou ght that they had curve 2 in. Fig. 3 qualitatively based on the model. 


measure id nae ‘The curve » of 7 thus corrected | somewhat analogous to. that of Landau), bu 


reveals a’ minimum in the neighborhéod of 164°K, ‘such a discussion is beyond the Scone of a 
is . Gnnele 2 in Bias: 3. We: can - paper. pate 
In conclusion, the author miahes to make an 
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a Sic. 


In the preceding report(), 


Introduction. _ 


by researching a 
a process of heat formation in manufacturing the 

selenium rectifier, the present author has made 
clear a phenomenon of selenide formation in the 
barrier layer and in this paper he will pursue a 
_ mechanism of process of electric formation which 
; follows the heat. formation. 


4 hae a 


_ The selenium rectifier which has suffered only 
the heat formation shows no sufficient ratio of 
‘rectification and has so large eurrent in the block- 
ing direction that we cannot use it for normal pur- 
pose, owing to its shortening and melting of the 
front electrode for application of high voltages. 
When we apply a high D. C. voltage for a while 
in the blocking direction, so called the electric 

$ formation takes place and the hard flow becomes 
very small, while the easy’ flow decreases little. 
| g Thus the ratio of rectification becomes very large 
"and the rectifier gains desirable natures for normal 
uses. ‘i 
Up to this time, no researches have been 
- earried on the electric formation and by a mere 
empirical fact that makes the characteristics 
better this process of formation has been carried 
we on. It is the purpose of the present survery to 
improve the characteristics of the selenium rectifier 
by studying on the mechanism of the pene of 
electric formation. 


§ 2. 


"ductivity. Thus the surface of the selenium semi- ; 


cio maly Fide Mest 


of the Selenium Rectifier. 


ae Tee eee 


Fitiy® 


ett ts Pedi hey veke b+ 


The Bpanceaslon of the Sarmnsibe and 
the Method- of the Electric Pacmag 
tion. 


Bike tl nat!) Spribe 


The selenium material which is used in this _ 
experiment comes from the Nikko. Co., Ltd. and 
suffeted distillations in air twice and—in vacuum — 
once, after which 0.2 wt. 2 of sulphur and 0.02 2 a: 
of iodine are added to it. The front electrode — 
alloy is composed of 50 2% of Bi, 20 2 of Cd, 30 % ; 
of Sn and 0.5 % of TI. 
facture are follows. 


And processes of» manu- 
After coating of melted 
selenium on a metal base electrode, the element 
suffers the first heat treatment of 2 hours at 130°C 
under high pressure and next by~the second heat — 
treatment of 4 hours at 215°C the selenium is. 
converted to a semiconductor which has good con- 


conductor is covered with the front electrode alloy 7 
by the spraying method. After that the third © 
heat treatment of 6 hours at 90°C is added to the. . 
element. This last process is called as the heat for-_ 
mation. The effective area of the element is — 
10 em’. aya. ha . 

As a method of the electric formation which | 
is carried on after the above heat formation, a 
D. C. voltage is applied in the blocking direction — 
till the formation shows no progression, by elevat- j 
ing the voltage from 20 V to 40: V,. taking care 
of avoiding to make the front relocate melt , 


~ sample are ‘showin in Fig. 1. ‘The figure bows 


3 eet pay gE 0 +1 

i “a * ¢ t ‘ : ee voltage (V) 

4s die. 1. The rectification character- 
istics of the selenium rectifier. 
She after the electric formation 


B: before the electric formation 
“ H 


e later. The ratios ‘of the currents -before-and 


-6 aoe “Hh -9 2 ek 


© Vottage (vd 
Fig. 2. ‘Ratio of the rectification 
_resistances before and fafter’ the elect- | 
F ric formation. . 
electric ‘formation is a very Reotut method in 


“manufa turing the Selenium rectifier. Then in- 


_vestigations of the mechanism ‘of the formation 


| will make the natures. of that rectifier clear and 


os m 
give a key of ig Rabe its characteristics. 


ag.” 


aes 


‘The aemncratuce Wartiation: of ihe 
* Rectieation before the Electric For- 


ig i 
ext, iD nee ae ae of the easy and 


Cubes nt (mA) 


adeno of currents in the forward and blocking — 


. then the current density zis shown by the ng 
@ x ’ f 


constant, 'T’ the absolute temperature, d the thick- ae 


with, hovbine oil. Measurements are ieelel on as 


follows: the easy. and hard flows for various vol 


tages at each temperature are measured and the 


duration of applying voltage is ‘maintained so Fs : 


short as several seconds that the progress of the He 


formation cannot take place by the D. C. voltages 
in the blocking direction. 


The results are oie Wes 
in Fig. 3. Ze y. 
Tempesetare (°C) | 

7 oe 4} 


WT * (0? 


. Fig. 3. The current vs. 1/T curves before, et 
the electric formation. | ty ieee 
A: for hard flow iets 
, B: for easy flow Av I, 


temperatures than the room temperature = 3 
tar — ‘ 


pis 


eauenoay ay 


ee von Ele 


‘Here e is the electronic ores m the sleas 2a 
tronic mass, k Boltzmanri’s constant. h Planck's © 


ness of the > barrier layer, « the dielectric constant | i A 
of the barrier layer, v the mobility of the current 


carrier, V, the contact potential, HF, the-activa-_ 


tion energy of the conductivity of selenium semi- 


, 


- Gonductor and V the applied voltage through the : 


x barrier layer. Both.z and V have plus signs in 
\ 
the forward direction and. minus in the opposite 


wn 


direction. ea. @ means that the relation between 


ad . i? 


Fig. 4. The wapreddine: resistance = 
ea! ™ he curve. 


. — witch have. suffered the elect icf 
It is the same ag Sean vas ‘the: one of é 


: ” deme? 
art an pei i (ek — 1).. 


es. the eurrent by t the tunnel effect by some 
= ‘The curves at small voltage after the for- 
mation approach to the one shown by Hq. (1) in 
he temperature range down to 40°C. We must 
tice the tunnel effect occuring at high voltages 
m the blocking. direction even: at 90° C. 

= The method of the electric formation mention- 
d in 2. 
ffect disappear completely, because’ the curve 


is not sufficient to make the tunnel 


log i vs. 1/T does not_shift to a perfect straight 
ine: So. then it is important to study on the 
lectric formation in. detail in order to avoid the 
xistence of the current by the tunnel effect which 
3 Be the characteristics of the rectifier bad. 


gs. ‘The Non-Uniform Structure of the 
= Barrier Layer. 


“As the above mentioned, _the current & the 
paaal effect. is important in discussing the sele- 
y nium ‘rectifier and then we must decide whether 
it. flows through the whole area of the barrier 


_of the whole potential barrier ; or it flows through 


* 


pe: ‘6 ieiueiiaiee of he local 
"spots ‘on the Cd-Se contact by the 
eclectic formation. : 


“The cadmium films is so thin’ “that 


_ ‘The results 2 are: as: follows. There appear 
ots on the surface of the sample 


3 ayer, that is to say, through the upper thin part 


oe the local spots” where the” barrier layer us 


ve 


as Fig. 6 shows, ‘at which spots heavy currents 


- flow by high inverse voltages, making some chemi- 


~ most part by the tunnel effect owing to their 


“any way which makes the contact. potential 
-. higher. 


_ tion of the area of the local spots by the Bi 3 
mation. 


layer on the whole, resulting in no alteration of 


the ‘easy flow at high voltage and high temp 
ature changes only a little by the formation, 


~-barrier layer (compare Fig. 3 and Wigs B.S 


. the currents flow through the whole area of. ‘th 


above conditions. . 
- minished part of the area of the spots can be 


cal reactions occur. Thus the author would point 


out that there were many local spots of small 
area through which the currents flowed for the 


thin barrier layers. 
That the contact potential Vv, ‘before oni 


after the formation are ue ees as known from 


sucgestion, If the tunnel effect occurs at. the 
whole area of the barrier layer, the. decrease of 
the current by the formation must be due to 


growth vf the upper part: of the potential barrier 


So it can ,be concluded that the: tunn: 


effect occurs only at the local spots and perhaps 


the decrease of the current will be due to di nin 


This diminution cannot influence ‘the © 


contact potential and the thickness of the. barrie 


the flows at high temperatures excepting the. re 


gion of high inverse voltages. From the fact tha 


is supposed that the effective total area of th : 
spots is much smaller than the whole area of 


cause the easy flow acts on the pure thermoioni 
effect at high voltage and high temperature, an 1 


barrier layer, while they flow through only the 
local spots in the fairly main part at very low 


temperatures. The author will report on thins 


problem in the next report. So it can be tone 
cluded clearly that the diminution of the total 
area of the local spots is so small that. we- ean 
observe no alteration of the easy flow at. the 


Then considering that the di- 


estimated in the order of fraction to the total 
area of the spots before the formation from the 


amount of derease of the curcent, the total area ee. 
of the spots itself is much smaller than the whole 


area of the barrier layer. 


Concering with these problems the author ; 


uced by heavy currents meas ‘the local appt 


the formation | may melt the selenium semi- the non-uniformity of the contact pote 


the selenium rectifier also. “Then heavy 


ctox. there, changing it to another modifica- . 
yhich is an insulator and diminishing the will flow through points of low contact potent 


‘eetive area of the spots through which currents by the formation, occurring some reaction 
. diminishing the effective area at these | 


¥ ‘ “ i oaheee ts ‘ samy sal St ay: pee 
ve discusssion points out the non-tniform Diminishing of the area of the points of 
f the barrier layer concerning with the contact potential will make the slope of © 
is thin. straight line steeper. But the experiment sho 


. hes suggested another non-uniform a eontray result on. account of which we ma: 
a eof t ‘the barrier layer on the silicon and conclude that the formation does not bia = 


‘ion of fie’s contaet Betta the epee the points with thin’ barrier ayes cae 
ty Ine of oer obtained by an analysis of mee A is also Tee constant in pits of the £ 


an ‘show the forward charaeteristie as Freon ns it is known that the bareee ies 
the whole suffers no reactions by the fq Sonate 


fy 


x d 4 a7 ‘ é et 


-1) Sees OS co gids N ae Conclusion. : 
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~The author finds the current by the t 


eho is thin. are: 


+ 


SiN asin the electric formation is ae 


t ents two ree of the comedies natur 
. * the rectifier are “pointed ont: ‘the 
yee -Tocal spots where the barrier layer ‘is thin and 4 
- the distribution of the contact poten aia 


19 Ovelt 
+019 mA 
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A srrereoigmat ss Which is. improved by the 


the former types; cama 


= 


Voltage (VJ) . eee So _ The author thanks Dr. we 


ee ‘ mbefore the electric formation sAis CaS Na aa SS aes ; 
B: after the electric formation 
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Fig. 7.) The curves at low tenihersbines: qd) M. Tomura : 
not sufficient for analysis on account of the (1949), 82 sie 
cistence of the tunnel effect, so the author will (2). ae Tomura y 
ik a] ) only the data’ at 90°C, _The slopes of the . ; ¢ 3 ) * “pH: Pr 


ve before and after the formation are closely 


(6) ro gf. oH. C. Torrey ‘and C. A. Whittier’ 


j Ty “Crystal Rectifier’, 83 McGraw- Hm Press, ; 


i Pays. § Soe. tar 3a), 
He Fowler: x Statistical Mechanies (1948), : 


D. C. Resistance of Barium Titanate and Its Solid 
Pepe Solutions Ceramics. — 


_ By Shoichiro Nomura and Shozo Sawapa. 
Institute of Séience and Technology, University of Tokyo. 
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’ \ r a = _Feslatance _are not so p powertall but ie 
Introduction. SOK Ge, 
Although me e physical and chemical properties ¥! 


Mets 


me entally by many Investigators, any detailed 


we pinched be into powders, whose sizes. 
smaller than. 159 meshes. Then they were 


erature to about 150° C: in vacuum in order 
avoid moisture. For the temperature depend- 
of resistance of barium Palas ig) ceramics, 


have already. ‘reported briefly. It is very 


Fig is 


_ into small. disks, which were fired, in a gas fore 
at temperatures of 1300° C.-to 1450°C. for 3 to 4. 
. 4 pie: 
can early, find the activation energy tore hours. After firing, a disk was remaked into. ak 
sheet, which was about 1 mm. to 0.5 mm. thickness 3 
; and 1 em*.area. ‘Electrodes of fired on silver paste 
were applied. . Fig. 1 shows the apparatus of 


\ 


; 10-2 mm. Hg). 


_measured 
- absorption current is excluded. 
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measurement of D.C, resistance, where G is a 
galvanometer, R a shunt resistance, and S a 
sample placed in a vacuum electric furnace (10-'~ 
Fused quartz was used at contact 
points between lead-wires and other parts -to 


remove electric leakage, since its influence is 


-yery large in this case, and there was no dis- 


cernible deflection at.1m. scale distance when 
the circuit was opened near the sample. 

Strictly speaking, D.C. resistance must be 
in the state in which the so-called 


As a matter of 


‘fact, however, it is hearly impossible to do so 


for this substance. We shall perhaps be able to 
get better result, in principle, if a measurement 
is performed at a very later time after switching 
in. It, however, increases external disturbances in 
the measuring apparatus; zero-point fluctuation of 


-galvanometer and unnecessary changes in quality 


of the samples. 
-. Furthermore, when temperature rises beyond 
room temperature, needless currents flow the 


_cireuit, owing to a thermo-electromotive force. 


In order to remove the influence of the unde- 


sirable currents stated above and zero-point de- 


- flection, our observations were made alternatively 


for opposite directions of the impresed e. m. f., 
always at about ten minutes later after switching - 
in and these two groups of observed values were 
graphically averaged. : 


§3. Absorption Current and -Ohmic 
' Law. , 


Fig. 2 (a) and (b) show the behaviour of D. C. 
current after switching in. The ordinate in loga. 


: rithmic scale represents the ratio of transient 


current to ten minuites later. current which is 
nearly stationary. We can separate this into two 


parts before and after one minuite. The former 


depends sensiblly upon the circuit constants of 
galvanometer, while the latter does not. It is 
the reason why.(a) and (b) are different, these 


: being measured with different galvanometere. 


The latter is likely to follow the well-known law 
of At-”, where A and: nm are constants. There- 


fore, we can write as 


tf 


Ut) = tstationery+ Bt-”; (1) 


Shoichiro NoMURA and Shozo SAWADA. 


-trary scale and the values in parentheses the _ 
specific resistance in ohm-em. at each tempera-_ 


. . wal -- 4. | 
i e om See Ee ee oy ks 


nay Kalina’) bs Laie baaria-gere 


en 
10 20 200 = 300 = 
time (dec) : 
Fig. 2. j 
4 


' where we may suppose that B and m are the 


constants dependent upon temperature. As seen | 
from Fig. 2, B seems to vary slightly with tem-— 
perature. ta Fy 

The voltage-dependency of conductance is 
given in Fig. 3*, which shows the ohmic law } 
except for the cases (c) and (d), in which the a 
deviation may perhaphs be caused by appreciable 
temperature rise by conduction current, while j 
the other reasons, for instance, the translation of ; 
_twin boundaries, might be considered. It, however, — 
is not important for our purpose because ceramics : 
are perhaps composed of a great number of very :. 


small domains. 


B“Zea8 


ket = 
| A028 
4 
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ee oe 
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Fg. 3. 


_ From the above state of affairs we cau:handiyad ! 
assert that our measurements are free from ab-- 
¥ = be 

* The ordinate shows ésationary in_an arbi-> 


ture respectively. 


x 


“ ~~ ee ee ee 


eh ied 


‘ “sistent with each other within experimental error. 


The activation energies estimated from the observ 
ed data in Fig. 4 are = : 


(a) (b) 
¢, 0.89e.v. 0.89 e. Vv. 


de 0.62 e. v. 0.65 e. Maz: 


@) 


The activation energy of (a) is seen a little - 
smaller than that. of (b). This is because the time a 
rate of increase in temperature is different in 


both cases and the time interval from switehing x 


meaningless. ee 
Figs. 5 and 6 are the observed data of bar in 
- strontium (90—10)-and .barium-lead (90 -1 


anates. In these cases also the sormula ( 


Fsaun caenace 


<10°° (ohm - Cor) 


Too a St 
“ T (la. Re Ba Wo) Telos 


= ae = x ie 
BREE Ee Bee 
me IAT 
FEE EEE 
al ====2=====-=——== ee 
eras Saceesaseeaesces 
7 es 
bal iididaaasainiiii) 
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Fig. 6. ; te 


‘ ~ complicated toi: measure the D. Cc. resistance « 
para. sek ted groups, spony in C 


2 me ae 

sities {Pam ce a © 

Joo} do) go 70 60. 50” aie 
+ Bath) 


which fact fet ote ads supposed to het ‘set 
pur understanding of the ee 
‘the-mentioned substance. fh se are 
discuss in detail the variations wi 


stpA8 3 Ki 


_ activation energies and resistivity, 


. 


_ sidering ‘that opti Hae 


variation. The reappearance of tole 
Big t + 50- al 
eee Pat -resistivi a of bariare strontium (6060 5) te rat 
ee eee meee may be said to correspond to of latt 
Fig. 9. hie, tien ONS pats: ee ordering, - et we suppose for le curren te 
; eis, ie mainly of. ionic type. : bey bee Fe” 


and 8 show the variation with molar . _ tne authors ‘Mee to; ee 


XK 


ad series 2 
eratures*. How the activation « energy , low pethap hs because of itoaelang 
pe 4 


molar is shown i in mle 9. $e of barium- SRE ots ard ah iis ladek i 
| References. 


, Pio barium titanate 7 these ate 
the same as that in. Figs. 2 and 4, but is (8) Ss. Sawada, 


© 
ae 


e one in Fig. 5. | tea = Aes ~ Oyobutouri, 18 18 
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- Titanate Ceramics. 


&- i wer 
By Shozo Sawaba and Shoichiro Nomura. ee 
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‘Barium-and strontium-titanates ceramics have — 
reported to form solid solutions for the whole 


of ‘concentration. of component molecules 
, for the molecular ¢ ee anen of 10~20 ae 


In sotto we me 


ae barium titanate!. 
nance method. 


es. Results of ‘Obsecvationes ‘ é 
He Ke 


i Fig, 1: shows the temperature variations of I 
_ e!! and loss: fagtor tan 6, where ¢/, and Mare 


real and imaginary paxts of permittivity. ae 


el appear in othe bhelenboathobd of. 85:96 oe 


barium titanate, we have observed d experimentally haa pea 


bot : = 
oc, 60 TO KD FO WY. MIO 120 13800 10 150 


« : y Fig. i k ie Me 


¢ ep(cal/gr deg) 


aA pulverize ‘nbd next were mixed in the: con- 
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Fig. 3. 


2 and 3 show the specific heat C, and thermal 
expansion & respectively. 
- the Curie temperatures of ¢/, e//* tan 6, Cp and @ 
are found to lie at 85.5°C, 86°C, 81°C, and 84°C. ¢ 
respectively, where that of 8 is defined as a tem- 
perature of maximum contraction. 
The value of normal specific heat and the 
~ amount of anomaly at the Curie temperature are 
nearly equal to those of pure barium tetanate. 
The value of normal thermal expansion is a little 
larger than that of pure barium titanate and the 
amount of anomaly at the Curie temperature is 
. about three times larger. 


84) 


_ The amount of anomaly of thérmal expansion’ 


Discussion. / 


SS at the Curie temperature is large as expected, but 


i“, 
Statistical depths tat oc, of Multimolecular Adsorption, > I. 
aR : By Sya ONo. 
Institute of Applied Science, Faculty of Engineering, Kyushu University. 
: eS ihe (Received Nov. 28, 1949). 
; -_¢ 

> ds i i 3 
Ee titesduction. adsorption at the interface between two regular 


Recently the author(!) has deduced the dif- 
ference equation which determines the change in 
the structure and composition at the surface layer 

_between the liquid and vapor phase, and has 
_ shown that the surface is a’layer of several mole- 
_ cules thick, by making use of the hole theory 
of liquid), ~And he applied this theory to the 


As seen in Figures, _ 


the exaltation of ferro-electricity in this solid 
lution, which itself is not undoubtful, increases 
the anomaly of thermal expansion but not that t 
specific heat. But we can not derive any conclu: 
sion without more thorough investigations, as the ; 
observation of specific heat of such insulati a 
substances is especially difficult. 4 

The study. of variation of specific heat and 
thermal expansion with respect to the whole range | 
of molecular concentration is very desirable, 
though it would be considerablly laborious. 5 

The authors wish to express their sincere. 
thank to Prof: T. Muto for his kind criticism = 
advice. 
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solutions(*) and also to the adsorption on a solid. 
wall in contact with a regular solution). In- 
the present paper we shall apply this statistical 
method to the adsorption on a solid wall from. 
gases. And the hole theory of liquid proposed. in . 
the previous paper()® in which the change of 
the free volume of the molecule with relative 
concentration of molecules and hates is appro 


-— 


e tinbes oft ‘the nearest | neighbors ; Zire 12 
for the face-centered cubic lattice. If these mole- 
Ss are situated at the centers of their own 
Is the potential energy of the ith molecule is 
essed by (l—wi)Ze, 
tential energy of a pair molecules at the centers 


en the molecules which are not in the ad- 


ent cells are- neglected ; this ‘is valid when 


hi force between molecules decreases as- ‘rapidly 
= 


as the van der Waals attraction. | : 
> ith molecule. Here we shall use the value 
the potential energy ‘of the molecules surround- 


4 is SO that we may assume that: this potential 


ee 


ergy. depends only on ‘the positional coordinates 


:). Then the partition function for the ith mole- 


ee) ae mi Ee pee es . 
= ae bres? ser 5 es ET) 


e and the ‘integration extends over the cell. 


d the partition function Qis) appropriate to the 


ao= #8 Ti gw), eens as  @) 


‘the poem EDEREY n of the 


~ where X is defined by ae 


Neglecting the configuration in which two or more — 


where the sum extends over all configurations, 


where es "denotes the = 


0 nearest neighbor-cells. | The interactions 


- use of* the cage model of liquid(), 


Ser a us denote b Us the otential ener of 
3 v P ey may be a funetion of tes For an intermediate 


= the way nie in the previous papers: 
id by the. neighboring ‘molecules at the centers @ 


‘their own cells as the approximated value of 


th malecuts and Wii that is u;= Ube, Yor 3 


[ Peonfiguration. si can be written in the from 


When each raieedie rests at tee 


a=1 


N = f * 


molecules“ occupy a single cell, we may express. 


the partition function of the syetem in the from 


K\s) 


A AT) = Sexr(—% 8) Qs), : 6) a 


s, of the system, the word “‘ configuration ”’ being 
employed in a special sense here to desigate a 
specific distribution of the N molecules among 2 
L cells. eS ay 

In order to make further ‘progress it. isn 
cessary to know gq(w) as a furiction of w. I 
obvious that ql) = =t, being the. volume of a ceell, s 
because the integrand in (1) is unity ; if w : 
And we denote (0) = - o can be caleulated fro1 
the interatomic -potential function, by making 
Generally, @ 


gw) = w\-vrw, 


If we aqbatique. (2) and (3) into 6) we have: a 
cording, to (4) and (6) 


AT) = { eas pols GN, fe : 


specified value of X. And here we have the re- 


lation : ee 


N!(L—N)) 


Ne ee 


: DoW, X) = 


Denoting the average value of Xin the canonical 3 
ensemble by X, it is expressed in the form es 


neem = ty aim fcr) 
eS =r of - X=% ae On i 


Pals Inf (7) = aut x . (12) 


peg 
ee we assume that the mixing of oie 


c concentration of eiaian Nie punee 


£ webs 


Cs Lal =) | Bios eee a8) 


i and (10), ‘Stirling 8 formula nanan 


nen the equation of states is. given. by 


NRT 


si (in aoe $e 


So pe 
rhe + 8) 


er re1) ed bat eens “se 


- And from this and the relation between the — 


“by a vertical cylindrical wall. 
: vestigate the change in the concentration ed 
‘one of the plane walls. We shall assume’ 

[100] planes of the face-centered_ cubic 


lation : yee eee ae 


“ eplest sie effect of the other a 


‘ author takes a <ifferent aspect 


preceding section to the ease ae the 
ous system. In reality, the concentration. 
the wall may vary with the distance from 
wall. The theory for the inhomogeneous - re} 
solution has been shown in the peceding papers t 

Let us consider the system. surrounded 
two horizontal plane walls mutually paral 
“And we shall” n 


placed) parallel. to the plane walls” fo: 


of convenience. And i ‘refer to these 


N being the total number of ‘molecules. : ree 


% 


= 
ae 


contacts with the first layer. 


Then the nuraber- of ‘pai et 
cupied is (N-X—n - mi/8)Z)2 Hence the s ti ene! 
of the system in a ‘given en si 
pressed ey cee ie re: <a 
Were es yy 


3N- — = 3 
EG) = a . “ Re 


genheim( 


fore oy is: depliteble alto to the inhomo- 
us: systems, and ‘substitution of (2) and (7) 
leads tO, fe 


of Sells, of which the one is occupied in the ee 
1th layer and the other is unoccupied in the rth 
<r ‘ ine ceed \ layer, will be Z1- *n¥ 41/8, if the mixing | n 
wy Pare tee \ nf BA each layer is completely random as in the Bragg- PS 

ee SOE (go)” (=) (=) ze (21) v P ee 


ier: aa ru S Williams approximation ; and since ZX is the: ‘sum | 
‘ding to (19) and (21) the partition function 


of these numbers, we obtain, taking into ace 
the effect of the wall, + 


eee ‘ at Te ie xe "2nd—a)ta(0— Se ae 
iw se {## exp(—srm) a 2. Hea Up » 2 +7 Um)s ++ ar(1 —atq)} + S12a,.(1 —2,) + 0%(1—aty— 0. - 
Ab th aay % ey 25; te Evie = (22) : iid pe ET rat) + 2x ook 


Ma Je) Fin) ie + is oe ce PS aa Fits if sake of simplicity. Substituting 0) into 20) 


Vik date XS, : 
exp oir roe 2 ates, yf» 1M x) exp(—Z), agrees as with (14), 
Fees SDE 6 Sie ep Pek (24) mF Indo, mrtg) sa malice nan) 
er © alm, rae ne > tomas di is the number of con- f 
with specified values of x; and m5 ie ta aba In m+ -a1) In ame] 
21M iA Here a Sk ARABS aac eS 
5 me iz nS [ am p22) +91) = 
Take My aie =m wens . 
im, 7 ae , a S Mm > X= ii ie, Seay oh Be @ Ah a 


ret 1 } pede) 


Se Pie i s Fi sae z ee 


: = ‘a Fons Fm py at 2). 
{ag ae and. ; 


ae Eo-a-n)- —A+RD In Fs cat 


x 


‘ 


or oe a oe 22 =1— 2a — Darr a Ing 
fhieh ‘maximize Tout we. Ane ita consistent is - perene t ene 
; the condition gS: ee can determine these. 
by aye = ett Abs eS eo aty,'S approach xe, the concentration in the nee 


% ainJ mg wat ae 
tn ; eA ¥2 = d mee fag Tp (27) satisfy the following. pegs 


cs hs undetermined multiplier. As : a |Z lim 2, = MG - , 8) yiaeg 


rao 


. Then substituting (33) into (82b) we can 1 determine _ 
. the constant #* by gS Nee 


ae 


/ ue = g(l— 2g) 4K In 


(4) 


Using the differences. 


re ee solutions for OS 


4 yp — &r —Ur 
pene - (85). shown in Table ae And we 


: Ag. = Avr 4.1 — 42, 


molecules the surface “excess =n 


as 


4n=n = 1 =a) 


Uy LE . ; aoe ’ é 
in 1—2,. ae 1--%@ }. Here we use the “quantity © ¢ defined by “ 


(36b) 
Sieg es 22th = Bee 


AS ey 7 


Table = 


- 


Yq ti‘ ee ; y 
0.00001 0.996 0.002 0.00001 _ 
0.0008 1.000 0.096 0.0008 


Yee ley 


eat Ere ‘Processes ae can n determine ‘all aoe. oe (36a) and (36b) £ for pee ‘different aha 
mi a p being erty. a8 as a fine 


ri cal value 2* the oscillatory types of: = * portions ee this isothent intersect. bs 


e at three points. But real. substance cant 
three values, of x. And thermody: ami 
at the one with the lowest 
will be the stable state. 


; e pleaihet 1 and for the values Sin ete 


er tani, the solutions for the values es 
E ek 2 howe without Mons, and the ones for 
- 

Let us take ¢ = 3.210 x 10- shee A= 8.586 _ 
ergs and T = 284.1(11°C). These values are 
mated from the vapor pressure of carbon 

sholoride at 11°C, and the surface tensions _ 

bon tetrachloride and mercury, and the inter- 


oir a) Bio 


ral 


ace constants is used, because there are no 
iable data for the one between carbon tetra- 


~ adsorption from gaseous carbon tetvatdorides on 


Sse 
ited po ortions represent, unstable mereury surface, in which multimolecular adsorp 
tion seems to be fairly effective. This expe 


mental curve has been calculated from Cass 


experiment). We find considerable discrepancy 
between theory and experiment, especially in high 
_ pressure.region. This discrepancy may be due 
oe to the neglection of the interactions between wal . 


keg. and farther molecules. The theory of multimol 
4 


 Caleulatea S 


‘Experimenta x » gular adsoption taking into account such intera 


tion will appear in near future | 
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§ re Experimental Method. 


eS eytk se Are 
The outline of the apparatus is ‘shown 


1. The gas to be ‘measured i is introduced into he 


glass chamber A. and~. B. A f: “inserted: 


cylindrical electric furnance and cused as a 
chamber. B is kept at room ‘temperature ¢ or 


an ice vessel ‘and used as a cold chamber. 


“mixture inthe two bulbs. This pclsies the cocks C; and C:; opening the cock 
we heat the hot chamber up to the ‘ prop! 
temperature. These temperatures. were measu 


by using a chromel-alumel thermocouple. 


|| frame aire 
a 


C= SN ptigg T/T. 
ne ti in . the two bulbs, ky a constant cee 


pends « on the nature of the gases and 
; e ratio, the so-called thermal diffusion 


“measurements of three quanti- 
» and Te 4 Since 4C i is in general 
antity, we must use an aceurate method 


iota have ee. adopted, ae as (a) Lace j BIR HS 
H gas analysis, (b) katharometer method() al expe vane 
ement of thermal conductivity), (c) stream 

| (measurement of viscosity), (d) sae method ‘five hours or s so, ‘ oo ae we 


4 


erferometer, ®) ete. Me Br ater “Then, we Bhat the cock G 


ras 


, experiment, we used aca te Bitte | ieenat obec a te gas « 
(@ ni As" this instrument gives us very a 


F curate d data on the specific gravity of - gases, 


~~, 


expeet the more direct cupbelpage con- by, a ene 


S “in ‘Table 1. Fig. 3 shows the result of our exe 
periment. with those of Tbbasl/ncenw aoe. and O,: 
-Blih-G. Bluth, for comparison. The curve 1; in 
- Fig. 3 is the-theoretical curve, which was obtained : 
from the Chapman-Enskog’ s theory of transport. a 
phenomena of gases for the molecular model- of 4 
rigid elastic sphere. j 


3 geile < ‘The, mal Diffusion Ratio 
at Various soe Ratios. 


: Q05 


! ratios from 6 4 percent to 85. 0 paidetlt 
n een, - Hydrogen was prepared by the elec- 
ysis of KOH 20, percent papenrs SRG, 


. Fig. 3. és 
_eurve 1; ky elastic sphere model 

2: kp our experiment - — 

: 3: ‘ke Ibbs and Underwood — S 
= A: ke O. Blith and G. Blith 


Fig. 4 shows the thermal neparation ratio ‘Re 
these experiments and theoretical. Rr. 
defined by the following formula. ae 
Ry = kr/ky (elastic sphere) oe 


; “in the nitrogen, provided ‘that the 
mpurity was oxygen alone. _ 


Table { 


Sete ee oe eRe 
% | (obs) | (elastic) ul 


0.94 | 0.0207 | 0.0593 | 0.349 — 
‘| 2.15 | 0.0472 | 0.0970 | 0.487 
| 2.50 | 0.0556.) 0.1112} 0.500 
| 200 | 80 | 2.91 | 0.0654| 0.129 | 0.506 
| 200 | 30 | 3.60 | 0.0809} 0.142 | 0.572 
8.7 | 200 | 27 | 3.90 0.0857 | 0.146 | 0.585 . * e 
3 | 200 | 30 | 3.75 | 0.0842) 0.151 | 0.559 poe of atte 


| 0.0884 | 0.151 | 0.584 _ . Fig. 4. Ses ae Resa 

0.0881 | 0.150 | 0.586 curve 1: Rp of ours See 

| 0.0767 | 0.141 | 0.543. 2: Ry of Ibbs-Underwood — ie 
a1 | 0.0464 0.108 | 0.449 0° 3: Ry of O. Blih-G. Blih 


eurve I: Rr for n= 8.2 
Pe 1] Rr for n= 10 
Ill: Rr for Lonnard-Jones Model 


0.0551 


} | 0.0220 


§ Oe ue: Il: Change in Teck 
: : Diffusion Ratio with ‘Temperature. 


Table II : 

Th % Of N, | 4C % kp 
100 | 488 | 1.84 | 0.0826 
200, | 47.0 3.70 | 0.0820 
300 | 48:1 «5.65. | 0.0864 
400 4 47.8. | 6.77 | 0.0887 


0 the nvr oe power of. aha distance, aad: 
take e the index n to be 8.2 and 10, we shall 
e > curve 1: and II ‘of Fig. 4, respectively, 
: lo ing the Chapman’s method() faithfully. 
xt, i we assume a Lennard-Jones model — 


: Path —n/r 


ae d follow the peence of Kihara and 


k’s method” from the: Vershoyle’ Ss ita 


; obtained #=0. ace 10° erg A and = 570" 


ry 


re a Discussion and Conclusion. ra 


hub 
. 


@ experimental errors of our experiment _ 
a than 5 percent which are mainly due» 


Next, we measured ep at four different tem- 


” 


_ coefficients of this binary mixture, | 


\ 


of our department who lent us various eq ipmer ts 


and gaye us many kind suggestions.» 


cen eis, 1G: 
e(2) The tae se of bending balanee is 
” tive for the analysis of the binary gas mix 
In order to make more exact experiment, 
. ever we must improve the apparatus and 3 r 
the above mentioned. errors. 4 . 

(3) Theoretical « ealeulation dobs “not a 


with the Srepemer ty curve ige ae ‘The 


by he comparison of the curve I and Il i in 

~The authors are grateful to Dr. i 
Takeda bias J whose direction this work 
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1. Introduction. 


In the previous papers()- (2), the damping con- 


<a 


inquired. ‘The time. constant of auditory stimula- 


tion which. was obtained by. measuring the time +S 


S ablished, was effected) by both the mechanical 


m. in the nervous: system. 


Tn the present paper, a new measuring | method 


‘capable ‘of differentiation of the time constant of 


rvous eye was described. 


comes larger. "This amplitude - of the system at 


a depends: ou the magnitude: of. the 


ing the: eiducee of amplitute, he res\ nance when 
the 2 external force. of. vibration whoge 


s at various velocity. 
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fant, of the mechanical systems of the inner ear 
is calculated by assuming the distribution pat- 
nof stimulus along the basilar membrane and 
the time constant of. auditory stimulation was. 


which the equilibrium state of audition was 


aracter of the ear. and the integration mecha-. frequency varies with a constant rate, was appli 


_. posed of L, G and R, and the relation betweer 


he mechanical system of. the ear from that of the ~ 


Attemation \n db 


‘is coincident with the resonance frequency of \ 


e frequency 


tate of Audition is Established. 


ated 
} 
~ . 


ear, we are eable 40 estimate the damping cons / 


of the mechanical systems of the ear. 


§2. An PPaayerinene: on. the, Elects 
Circuit of One Degree of Freedom. 


-In order to make clear the relation between 
the damping constant of the system ‘and. changing 
velocity of the frequency of an applied eee 
following experiment was carried out. 


For simplicity, an electromotive force whos 
toa simple series, resonance electric cireuit con 


the oe value of an induced e. mM. 2 in the inde ict 


By 


calculated i é} 
[| — observed(electrical eireuit) 
= observed(ear) 


eet Bree i a ie, “9,08 


Fig. i 


_the system N, was measured varying N and Q oF ot ye 
the circuit. : 
Fig. 1 shows the results of this experinene : ae 


“but these of calculation are, so tedious that 


_ only “three dotted curves are "shown ‘in ie 
_ same figure, in which N is the resonance fre~ 


quencies, Q is oL/R; the sharpness of the reso- € 
‘nance. ‘The abscissa represents BENG where his _ the beat oscillator: | is Stated ‘by means 0: 
pacity in the oscillatory circuit being 7 


‘rotated | by an electric motor. By cha 


» from f pax to he C.p.s., W 
every revolution. ‘The sounc ‘i 
a short duration” Ty, and the! 
from fie ¢.p. Cf ‘to Ke CP. i 
shown i in fig. 3.00 


y 


are fi) 
ae ee ae 
Tah 


2 respectively. ins ‘Fig: 4 it is how that the 


mes: sbraer as h ee Then 


-4,The observed values are on the solid curve 

between the curves (3) and (7) in Fig. 1, with | 
the result that the value of Q of the mechanical : 
systems of the ear for 1000 ¢.p.s. may be estimat- oe 


_ed as between about 24 and 27 deter 
the logarithmic decrements of 0.13 and 0.12 re- 
spectively. 

_ The tecariiutnic decrement of the mechaated 
ein of the ear obtained by the new experiment-. 
al method made sure of that so far presumed by 
many investigators and also was. consistent with 
our previous calculation. 


§ 4,. Conclusion. 


1. The new method of investigation Soe 


damping constant of the mechanical parts: yf 


ee 


- the ear is devised. 


‘ coleulacton” es 


ous system is Abaser an the. ihe oe 
of the mechanical part of the ear, the for Y 


is “0.2-0.4 seconds except adaptation’ 

~ nomena, but the latter is 0.006 + = 
ui seconds. | at Pee Z 
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¥ 
i; 


-of the pees of is Hamiltonian matrix, al 
have obtained the jsimplification. of the Ss 
equation. : ; 


7 ee 
a 


Bs : ae) have Proved to be in Bd 


= 


H= Fla +23), ? 


where: F denotes the field strength anc | thew 
aotdtons have the usual meanings. 


tion of Sects as seat py H. 
zero-th order wave function of helium i 


- trized form ioe be pies a , 
> 
Unt i, m= 9753 
7 7 
i Big 


in mn, l,m state, where ns cad Un, 1m P 


| nes which appears as an extraordinary 
f radiation at’the vertex of one line 

nce hyperbola, for, example, 6'P--2'P 

which often shows the vanishing inten- 

encounter. 


and ppiakienk Habatbonteg %, m( 

oe element of, H”. between favs n,l 

V, tml state. is given LeN Se af < 
(a, ls; m|\ H\ nl, v mly 


=f [u; Ot By e+e) * 


= Feb [Baur (7) Ravi = 
ae eae 


g Field a we 


ey ntl Y 


Siler Cages IEP 0), eee, ‘ 
Pe or eee Be (¢ Dg, Une ERIn! DLE ue 
‘ 3 er rdr, i ae - (% WH’ \n, t+1), (n, | H’\n!, ESTy: 
mae pe eh Pte 2 (n’, l|H’\n, 1+1), (n!, | Hn’, Bee 


then ‘the hypermatrix of H,-++ H’ has the following 


ca Ra, 2) Rn’, me C ap. (1) ; form. a ie pape : ie . 
. | Fegan OREO ek De se sc 

Ann Lt,’ Amiic 0 J 

: : 05; Amit Eins2, Am+2 Ss 

in” ‘hee theory. of ptrabeitien ‘Brobability: Of ab Re eh a s ae 


9 ea 


. The radial integral i is the same as s that ‘appear- 


; 2 Hack) Ae 5 : 

On account of the diagonality of the matrix , MS ee Ay eG eet Alnat 
‘in m, we may instead of full matrix of Fe iets ess ny Oy 5; Alt Ely ‘ Z 

se Ht consider the ‘part for m = = const. So it where A, represents the , eee (conj 

fives: to. take Un, tm m(m<l<n—2), Un,v,m’ matrix of A;,. with the. exception that. “A/n- 

ot <n! — 1) as bases. The dimension of the A’,—1 are the matrix of one row, two colt , 


‘ix is then x + n’—2m. In the matrix of Hy;'s two rows, one column and E,/ =(n’, mE 2m, 
Be H, has BOF course hs the diagonal elements, : fe 


raction part of n and n!. This appearance pondence with the 1 means whieh + We make ase 
‘elements suggests a suitable choice of arrene: usual matrix. Regarding 2(n— m)+1 dimensi na 
ing the bases in the order of Us ae Un m, mr - x vector as a hypervector and. assuming hi 


ji m+, my nr, ESS my we, Un nat, m > Dar nlm consists | of n—m-+1 vectors, X, X2, oe 
AS 
nd Uny, sm “(Here we assume n/ >n),- AS there these are the two-dimensional vectors except 


38 nd matrix ‘element between Op, %, m> tee ata last one which is. one-dimensional. 
ay ny m(mslsn— ‘T); we may omit the former consider the hypervector X as a ‘oper 
“out of our consideration. Then the shematic form 3 ‘hypermatrix and obtain the following as 


matrix, ‘extracting thie panic near L=1, is as matrix equations, corresponding usual | a ebr 


ae Bag cen ee associated equations. 


Aint —1), [L1H 0, Dy (L1H nD) 
0 (nt, -NH,\n’,1-1) |(nI-1H nl, DLA, 
ae D, Glen 1) (NEI Dems ee OE LE): 


a nl ate el eee 1-1) pee ORGS, n!, WH,|n’, dD (a!, L H,\n, ¢-+1) f mn! UE 1 


0 uF LED, Om HELE n!, 1) G41 Ein, 41), 
0 Batiale (n!,0+1|H" \n!,l) 0» (n!, L41\H,|\n!, U- 


Ein X1+ AmXy ae AEX, ’ A are 
A mK ka AnitaXs EX oe Ve 
AmiiXy lini ok + AmisXa = A4EX;, 


er Ce a ee a ee i ee ere a) 


er a eee ee 


It We denotes these ; An cect By Xin $ Aly 1 Xn m1 =AEXn—ny Ang 


matrices. 
sf f Al 21 Xn—mt y Dire, Cre ren = AEX m4 ’ A "ba 
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where 4 is a eigenvalue and # is a unit matrix 
of two rows and columns. From. these equations, 
we may eliminate the X; one after another, 


- 


namely, - 
ag) ay oe eae 
Xy = Anti (Am+iAn 4m—Am) X15 
Xp = Amti-2(Am+s-2Xi-1—Am44—aXt-2) (5) 
(G28, 4 >enae: ,n—m), 


where 4, denotes AE—E,,. We notice that there 
exists the inverse matrix A;-', because of the 
non-singularity of A;. By continuing the above 


_ procedure of elimination, we obtain 


Xn=m=1 — BX, ; Xnim a CX, ’ (6) 


where B and C are the matrices of. two rows and 


so columns. These are the functions of A, (Ai); 


tg 


 E,(m<i<n—2) and-A. Substituting (6) into the 
last two equations of (4), following matrix equa- 


_ tions ‘are obtained: 
{An—1C—An-2B}X1—A!n-1Xn—m41 = 0 ? 
Aly iC X:—(A—E!») Xn— msi = 0. <a) 


- As a necessary condition for the existence of 


ie 


non-vanishing Xi; and Xn-m+i, we obtain the 


; following determinantal equation of three dimen- 
~ sions which corresponds to the secular equation 
of usual matrix. 


| Bae As Bs 2 ee | | 0 


A'n-iC ? A—E,, (8) 


where A’,-iC and A’,-1 are matrices of one row, 
two columns and two rows,- one column respec- 
- tively, and the notation || || is used in the follow- 


ing sense: 


| ye B Au, Aw, Bu; Bie 

a Ast ’ Ag, ’ Bu ’ By 
Ci , Cis ? Diy ? Diy 
Cu , Cre , Dy , Dry 


The dimension of (8) being 2(n—m)-+1 for the 


‘ given value of m, all the roots of secular equation 


of original matrix, the dimensions of which are 


2(n—m)+1, will be contained in (8). 


§4.. Calculations in the case of n= 4, 
n'=5. 


We shall calculate the enérgy of the states of 
n=4 and n/= 5, as a. simple example of appli- 


cation of the preceding method. It may be abl 
to extract the part of given value of m, for 
which the azimuthal quantum number ranges fro 
t=™m tol=3 and | = 4 in the case of n = 4 ant 
mn! =5 respectively. For example, we shall take 
the case m = 0, for which the dimension of the 
energy matrix is largest. In this case,’ the 


hypermatrix (3) may be written as follows: ; 
E,, AF, 0, 0, 0 3 
- 


AF, Fi; Aif, 20, 0 


4 go 8 
0, A,F, EB; > A,F, 0 E (9) 
0, 0, A.F, EB; 2 A\,F : 
0, 0, 0, ALF, B,! ; 


Making use of the procedure mentionéd in the 
previous section, we obtain the following secular 


equation. z a 
A,As*A,At Ag 'A,—F* pe ; 
x(A,Az 4,4; 'A,+4,A2AyAo Ay L 

+ AAT AAD) AA 'ay, ol 
A,!{ Az '4,Ai ‘Ao ‘A, 4—E’,| 00) 


—F*(A;'4,Ai A, 
+Aj A,Ao'A)}, 


For simplicity, we assume the interactio 
between 1=3 and 1=4 is negligible. Thi 
apn Oximation, corresponding to the fact that A,f- 
is considered to be zero, may ‘be permissible, 
far as the energy levels with 1=0, 1, 2 are 
concerned at least. Then the equation (10) may 
be reduced to the following determinantal equa- ; 
tion of two dimensions. 


|| 4,43"4,Ay ‘A, Ao '4,— F?(4,Ay 4, Ard, 
+AsA3 'ApAo 'dy+ AaAr AAg eS cal 

4 Fi. A,AvA > |= 0. 

The non-diagonal elements of (9), Angee | 


are given by (2) and the numerical values of 


which can be obtain from the results caleulated 
by Bethe, . cE 


1 /—23.24, 3.521, 
A= Oe oe ag ee 
2-72 20-98) Mday ee 
AV7 aR none need 
A, = Fe (1588. at ib 


4 1,158, —80.00 . Ne 


a the: case ee a te for example, the 
alues in atomic units are 


en = 0.000208 , ag = 0 ee 
a 0.010110, ei = 0.011368, 
ea = 0.011279. 


F~0. 00045 and. F~0. 0007 renege where the 
two levels do not cross but repel each other 
It may be interpreted that the two levels cause 
the so-called resonance effect, on account of th . 
partly mixing states such as 4, J and 5, ae 


Table I 


Fx108 


anding the determinant a1). 
yt -* olay? soy + oy + d(a) = = 


he ee y= 10F 


is a 1.789 2° — 0.093439 P-0. orriT2 240. 0°60 , 
(A) = 0.1211 2 (2-+0.002279) (A—0.000208)_ 

_ x(4=0.000028) (2—0.010110) (A—0.011868) 

| = : ae 0, 1.011262) (1-0. 011278) , 5 


ins 


in se It is convenient, 


ce. degree 
fore, to. solve (12): for hs or. Y>. regarding 7 a 


2 : 


‘The coefficients are the fine: 


The ‘manner of changes of ‘the energy values © 
meee: pao, of the: field are shown in. ne 


—0.008 
—0.006 


—0.005 
—0.004 


—0.002 


0.001 


0 


0.0005 | 
0.001 - 


0.0015 
; 0.002 
| 0.0025 
0.003 


0.004. 
0.005 


0.0055 


0.006 
~ 0.0065 


0.007 
0.0075 
~ 0.008 
0.009 
0.010 


2 M012 


0.014 
0.016 
0.018 - 


“1.005 


1.994 0.7729 0.6807 
1.882 0.65831 ~—-0.6241._— 
1.675  _ 0.5899 0.6067 


0.4953 
064547 0.9272 
0.4116 0 

0.3905 

0.3647 


0.858203: + 
0.7560 0.3417 0.1264 
=> 08173 0.d8Tt 


=: 0.2968 
2 eNO DIRE 
cas 0.1995 

- 0.1811 
— 0.1605 © — 
—  * 0.1498 ea 

0.3612 — 0.1251 

0.3008 0.1066 

0.1986 > 0.06745 

0.08683 0.01961 


0.09489 0.02786 0.7692 

0.2827 0.09911 0.9071 
0.4585 0.1680 1.048 
0.2359 1.198 


0.6274 > 


0.2293. - 


yer 
0.02884. 
0.06261 
0.09484. 


0.18888 


0.07865 0.8685 


bo 4 om aes het 
+ me hte ‘th ay Rae pe 
ad AO Oo nn. 
a . Ns ra Ft ey 
ak A ee eee ae 


by 
<* 
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-0.008 nd : 
9 oon aaa 
48% 4pf 
oo 
is 
rf 
aA 
7 i} 
ey / = 
7 lj SPs 
4 
Os ; a 
4 
Zz 
7 
/ 
4. 
4 
) / 
4 
7 
‘ 1.0 
Fig 
15 
Fig. 1. 


~ §5. Conclusion. 
‘ In this work, the numerical computations are 
_ performed only in a simple case to explain the 
essential features of the resonance phenomena of 
Stark effect. Such strong fields as produce the 
"resonance in the case of m = 4 and n = 5, has not 
“been pedlized in the experiment, therefore we 
« are not able to compare the result directly with 


the experimental data. The comparison with 


experimental results in the case of n=6 and 


: _ = 7, and also the calculation of the line strength 
twill be given in a future issue of this Journal. 
ce _ The author. wishes to express his hearty thanks 
~ to Prof. T. Yamanouchi for his kind encouragement 
and valuable advides, and Prof. H. Kubota for his 
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\ “and Ass. Prof. A. Amemiya for their valuable 


discussions, and to Mr. J. Miida for his giving 
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The energy and field strength diagram in atomic units. 
The case of n=4, n= 


\ 


-00. 


‘(1) H.A. Béthe: 


-008 


2012 
el 


5 and m=0. 


= 


‘benefit on using the Differential Analyser and to 
Miss. I. Ota for her assistance 
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_ Bolt and nes. But it is not yet easy to analy 
the architectural engineering. The ell onp 


spsatos arepdounttcal design of the room. - ranges. 


» 


1e- coefficients _of various wall materials were _ 2. The author introduced the modified 
neapured. at Paeiy laboratories, | 


‘the esate of 


Sisubared? in the’ room. Thus: from the 
"This @hbgrbemoht may ‘be attributed to the “mental results. above. mentioned the ‘absorp 
ntradiction between the non-uniform field. in the coefficients were. determined. 


verberation chamber and the ‘assumption ‘of the: 2s - Normal coefficients can hes ae * 
niform field. in the - reverberation formula. The ae from the decay time of normal vik 


ni n-uniform field i is caused sou By, the effects of ~ of the tube: 


nonuniform ‘atembution of wall ‘materials, the = Viet ealias measured e ihe reverberation r 
iform field can not be. expetced usually. Ac- : 


_ determine the rapeention § 2. Vereen by the Reve 
tion Method. ser 


For- a reverberation chamber “ a ree 


= = : box was used (Fig. e popahe 3 


: ae 
Oscillator 


Electrical 1s 
Substitution} ~ 
Circuit: | f 


ais 1. Mode of Reverberation” — 
chamber. 


~ 


It is made of concrete ahd dimentions of which: 
s paper the author will: are on the - are 50x 46x42 em’. The wall is 5cm. thick. At a 


250 


corner of the side walla small pipe connecting to 
a loudspraker, is inserted as a high impedance 
source of sound(®). The thyratron noise is ampli- 
fied and supplied to the speaker. The frequency 
band is determined arbitrary by the band pass 
filter in the electric circuit. A small erystal 
microphone which is set at an another corner of 
the box picks up the sound pressure. The decay 
time is measured by the method of the electrical 

~ gubstiution which will be mentioned later. 
At first, absorption coefficients of the concrete 
wall must be determined at various frequency 


bands. The deeay time ct (the reverberation time 


T=6.9t) and calculated coefficients are shown- 


~~ in Table I. . 
The sample to be measured is set on a floor 
of the box as it covers the whole plane. Then 
- the box is closed and by the same method the 
decay time is measured. The results for the felt 
1 cm. thick are also shown in the same table. 


i Table I. 
# me Concrete wall Felt 1 cm. 
at Freq.Band’ [r] [x]. [r] 5 
Me: sec. sec. 
500. - 5000 0.072 0.025 0.02 
—3500 75 24 
2500 | «777 23 0.025 
—1800 ts TE 23 
_ ~1200 78 23 0.028 
— 800 83 22 
1000-5000 || — 68 27 
2000—5000 63 29 
38500—5000 55 32 
~  1000—2000 70 26 
~ 1000—1800 0.022 
- 1000-2500 0.020 


The 
mula for the Non-uniform Field. 


§ 3. 


Modified Reverberation For- 


In the measurement above mentioned the 


author intended to eliminate the effects of the 
‘normal ‘vibrations by using the thyratron noise. 
Even in such a small box we can expect fairly 
uniform distribution of sound except low fre- 
quencies. The values of the coefficients at various 
frequencies are averaged. Besides the normal 
~modes, however the cause of a non-uniform field 
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~ 


is the distribution of materials. 
the statistical method the following consideration 


According to 


is possible. 
If we choose P, as the power out put of the ; 
speaker and p, as the mean free path of the © 
room, then the energy density at p/e sec, after : 
the power supply to the speaker_ was pine is 


E, = Pup CVie-e= 
V: 


‘hw Sagan 


sound velocity 
volume of the room 


After the first reflection, 


= E, SR:Si/S 2a 
S: total surface area of the room. 


ee eo 


At the second reflection we can assume that — 
the sound reflected previously from one surface 
does not incident upon the same surface butdif- 
fuses to another surfacés proportional to their 


gh A 


area. + 
Therefore the sound density after the second 
reflection is ye 


= EyYSYSS;R:Rj|SS—S;) 


dash means excluding i = j. 


‘ 
¥ 
> 
3 
4 
- 
® 
4 
$ 


Similarly after the third reflection we get 


= DVD ES,S;R:Rj/S(S—S;) 
= EySYD(S:Ri/SPS)R;(S—Si) 


After the fourth reflection 


= E.{>/D"S,S;RiR3/S(S—S)y 
Thus the sonnd density after the 2n-th reflection 


Bm = E,{SDVS;S;R,Ry/S(S—S)}” 
= E, exp [n In{'37S;S;R;R;/S(S—S)}] 


The time elapced until this moment is | 


t = 2np/e 
As the mean free path p is statisticaly Avis, 
n = Sct/8V é 
E = E,exp[(Sct/8V) 
x In{SVSYS;S;R;RyS(S—S,)}]. 00.20. .. 


Therefore we can introduce the reverbration 
formula ae. 


T =2K vits In {V>YS RR, RSS). : @- 
[: reverberation time 
K: —0.162 wei 


Phe power Seouie™s to ‘the cheat ae the charging” 


¢ rere of . 


= current to C, is cut off ee 


In 0. 36 BRR, 40. 64 oe =O: s(n. oe (3) 


By = aa: reflecting power of the concrete 
; Sones ee wall 


= The relation etwicen m% and T calculated by 
@).i is Js in a Fie. 2 (dotted Bnei t full line by q 


The électrical substitution cireuit. 


2 Fre time of the sound in the tube and tha 


aera ea st 


ee C; circuit coinside each ee = eae es m er 


in fae of Re and C}. eon the decay ¢ time 


The relation between a. ‘and Tv. 


“From the results earch: in the feedeaine 


section, absorption coefficients of the material 


3 at various frequency bands are determined. The: 


_ values for the =o 1 cm. hicks are ssa Aaa in’ Es = E,(1+R+R?+R3 + Ry -)= = Bid 2 _ 
or nS if 


“Fig. 6 a = pte Pyp/eV as preceding ‘section. 


we A ‘New Method for ite Mcasite. 
A "ment of Normal Coefficient. a pede: wepnly yee ve Rate a, eo 


‘~ The ‘normal. coefficient of ‘sound aa been 
measured by various methods. | ‘Results obtained 


a = ae : cf 
— well with each other. The author tried 


E,,/Es = exp{(ct/2l)nR} 
~~ where n = ct/2l 1: length of a a tube 


= a4 


If we choose t as the time in. which the so 


pressure becomes 1/e, i iS o 


Ne 


” hole to which a high sapatacee source is jeicerted: 
requency is adjusted at one of the normal 


3 E,,|E; = exp {(c7/2l) In R} = we! 
t = —4l/(c In R) 


~ In this case we assumed that the sound energy ge 

“is not lost except at the material, but we must — : 
consider the absorption at the other parts of the a 
tube. If we measure the decay time without the - A 
material the absorption rate of the tube itself’ is 


known. Then the formula (4) becomes _ 


1 = BAL+ RRs (RR) RR : 
5 <x ye = exp {(cr/ In RR! 21} - 


“ey 


Fal Ave values obtained- for the felt 1 
and the tex 1 cm. thick, are 


The relation between the average pete = a 
ficient and the normal Soctiohats > | 
(Ue ee Gee Willig). iit 


‘The results obtained i in the ee experimen 
by the reverberation ‘method | are ‘jllustrated | ie 


Fig. 6, Pe abssisa being the e frequeney” ? nd the 


Abs. Coey.by ‘Seterthod 
Grrow means S fre4. band- ea 


5 ption coefficient, Norah coef). 


he esults Bbenioned by this method coincide 
Ww: the coefficients by the stsronary wave 


ae =F 


average me voetiiclents PIS i tok “the n te 01 


pe use » that the absorption: coefficient ii is” coefficients which were already show 


f incident angles. $s i: (dotted carve), 
is . reported the relation between the > 
ecicnt at ape eee! angle and the 


\ 


the | 
he 


'< 
a head 


ae a reverberation chamber | for he 
the numbers of normaly 

excited in a ‘small box, 

“quencies. 


The various methods. for determi 


tion coefficients | were 
method i is a very co e ait one. 


xi 


n @ and a; this is shown in Fig. 5. 
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of Heat when, Hunissivity, is Variable. : 
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2 “The mathematical statement for the’ problem If we solve this, — 


of the conduetion of heat with the heat transfer fe 

oer = at 

phenomena _ in a semi-infinite body, initially abit > AG t) = = ae [Awe Me. UES ea 
onstant temperature is as follows : oe Au Kk 


tern, ie h(a} +0, seta 
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A Symmetrical Six-arms Waveguide Circuit for Microwave Bridge. 


By Koichi SHIMODA. 


Department of Physics, Faculty of Science, University of Tokyo. 


(Read Oct. 22, 1949; Received Jan. 27, 1950) 


$1. Introduction. 


A symmetrical six-arms waveguide circuit 4: 
described which may be used as a microwave 
bridge for measuring reflection coefficients or 
impedances of microwave systems. The six-arms 
Waveguide circuit was devised in 1948 by the aid 
fo S. Tomonaga’s general theory of microwave 
circuits”). This circuit shows tetrahedral symm- 
metry, having six waveguide openings. 

A theoretical analysis has been developed for 
a perfect symmetrical six-arms waveguide circuit. 
The devised circuit has been built and tested. 
And it is shown that it can be used favorably 
for microwave bridge as predicted. 

A so-called magic-tee) is generally used as a 
balanced circuit, which is often called a bridge 
circuit. But it is only a sort of compensated cir- 
cuits, which requires calibrated attenuators for 
measuring reflection coefficients. Moreover, a sim- 
ple E-H tee is not a magic-tee which requires 
matching rods or irises in the structure. Since the 
matching in the magic-tee arms is realised only 
for one certain frequency, the magic-tee may be 
used only within a limited frequency band of a 
few percent width. 

On the other hand, because the six arms 
circuit does not require any matchiug component 
and its charcteristic is determined mainly by its 
geometrical symmetry, it may be used at any 
frequencies, provided the waveguide allows to 
transmit only one mode of waves through it. It 
is shown by theoretical. treatment that the ele- 
ments of the ‘characteristic matrix’? of the six- 
arms circuit are-determined entirely by measur- 


ing any one of the matrix elements. 


§ 2. Characteristic Matrix of the Circuit. 
The six-arms circuit was devised in 1948 in 


consideration of the ‘‘characterisic matrix’’ int- 


roduced by S. Tomonaga(!). And this is also one 
of the good examples of his theory. Though his 
theory treats general circuits of waveguides which 
may transmit many modes of waves, but practi- 
cal waveguides are usually designed to transmit 
only one mode of waves. Therefore, we shall 
assume hereafter that the higher modes are cut 
off and the fundamental mode alone is to be con- 
sidered. A theory of microwave circuits whose 
waveguides are restricted to one mode is de- 
scribed. 

A waveguide circuit having some waveguide 
openings as terminals is considered. Some of the 
the waveguides may be concentric cables or Lecher 
wires, provided the radiation losses and coupling 
losses may be neglected. When the complex am- 
plitude of waves in the waveguide is defined tak- 
ing the time facter, exp (jt), so that the square 
of the magnitude of the amplitude represents 
total energy-flow in the waveguide, we may 


write 
Se = pr —qi's (1) 


where S; is the total energy-flow outward in the 
k-th waveguide; pz; and gz represents the ampli- 
tude of the outgoing and incoming waves respec- 
tively. 

Then the amplitude of an outgoing wave can 
be expressed by a linear combination of the ampli- 
tudes of incoming waves in the circuit. 

Py = Wane (2) 

Here, A = (a,) is called the characteristic matrix 

of the waveguide circuit. By the reciprocity 

relation the characteristic matrix is symmetrical. 
That is, 

Qik = Ahi (3) 

If the circuit losses can be neglected, the 
chracteristic matrix is unitary, and the next equa- 
tion holds. ‘ 
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* 
> Caetoen = San (4) 


Where tay denotes the complex conjugate of aix; 
6i;,= 0 when i-h, and 6; =1. Although the 
characterisic matrix of a waveguide circuit having 
m openings has n? elements, but the number of 
independent elements are less than n*, since there 
exist above relations. 

A magic-tee or a hybrid ring which has four 
openings is an excellent construction and widely 
used in microwave measurements. In practice, 
however, it has a defect of being frequency sensi- 
tive. Some trials to make it frequency insensi- 
tive proved to,be failure, and it was found that 
if we use a six-arms circuit, it is possible to 
realise a better microwave bridge. The six-arms 
circuit is described in the following. 


The regular polyhedron having minimun num- 
ber of edges is a regular tetrahedron which has 
six edges. The antipodal pair of edges of the 
tetrahedron are orthogonal to each other, and the 
whole system is symmetrical for the three axses. 
Therefore, if we build a microwave circuit in the 
form of regular tetrahedron whose edges are 
opened and connected to rectangular waveguides 
as shown in Fig. 1, then the characteristic of 
this circuit will show good symmetry. That is 
to say, the characteristic matrix of this circuit 
will be simple. 


imjepr ale 
A symmetrical six-arms waveguide circuit. 


(Vol. | 


opens) oe | 
An arrangement of the waveguide bridge 
for 6200 Mc/sec. 


It is seen from its geometrical symmetry 
that the three elements of the characteristic 
matrix of the circuit are zeros. 


Gg = Azs = Ay = 0 


Here, the waveguides are denoted as shown in 
Fig. 1. Also 


Q11 = Ago = Azz = Ay, = Ass = Ages 


and other elements are all equall in their absolute 
values. 

As the phase of the waves in the 7wayeuna 
is arbitrarily determined, the phase-reference- 
plane in the waveguide may be chosen go as to 
make the non-diagonal matrix elements, aj(i-+eh 
and i+k--7), real. Then, from equations (3) and 
(4), it is shown that the elements, a,;, are pure 
imaginary numbers. 

In this way, the characteristic matrix of the 


symmetreal six-arms waveguide circuit is repre. 
sented as 


a@ jr-a a 0-a 

a—ar jr 0’ Yana ¢ 
A= 

a@a 0O0Ojr-—a a (5) 


and 
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stone bridge, ne may be used: as a a, 
ridge for measuring reflection coefficients and 
for other applications. For example, it may be 
sed as. follows: the arm-l is connected to a 
generator ; the arm-6 is to-a detector ; the. arm-2 
by a calibrated adjustable load ; and arm-5 is 
Then the 
bridge is balanced when the unknown impedance 
nd the ~adjustable_ load becomes eaell for the 


) perating frequency. 


loaded by an ‘unknown impedance. 


In- the case when the: AEE element, 


it 


=", equalls zero, this circuit plays a role of 
‘not, it may be used as a microwave bridge as 
will be described. 


»3. Analysis as a Microwave Bridge. 
: ; ° \ o rT a . eons " i 
In. microwave circuit, it 1s easy to use a 
nearly perfect reflection of variable phase, which 


‘is realised by moving a metallic ppistou in the 


“waveguide. To avoid contact losses, a piston with 


uarter-wavelength choke is gederally used. 


ion coefficient, it is necessary to use a variable 


“attenuator or a transformer, which is unavoidably 
Besides, the 


companied by some phase shift. 
alibration of an attenuator or a transformer is 


renerall frequency dependent, and it is laborious 
0 accomplish it Broriee 
t is better not to use an aflenuator or a trans- 


former. 


tia 


re loaded by lossless pistons, and one of the 
other” arm is terminated by a matched load, it 
‘is possible to balance the circuit by adjusting 
pistons. 


Let. Tn be the reflection coefficient of the load - 


‘in the n-th waveguide seen from the reference 
plane of the arm. Then the detector output be- 
comes zero, when the following balancing con- 


é ition is satisfied. 


# %2—Ts) [rers—1 vo aan 
= (1 Ee [rers—1 +Jr(772+73) ]- (7) 


tf ae arm-4 is ; terminated by a matched load, 


, 


und arm-3 are equally loaded; the arm-4 is loaded 


perfect microwave Wheatstone bridge. But if — 


In order to-vary the magnitude of the reflec- ca 
; _agjust the phase of the unknown reflection coef- 


- than 1 and |1/r;| is greater than 1. 


And so, if possible, — 


When the two arms of the six- arms circuit — 


m%, =0; and if 7; is enon: equation (7) may 


be written as follows. : 
iL T9%3 at +97r(72 + 13) 


Ta ee ris Gam 


When arm-2 eae arm-3 are loaded by lossless fs: 
pistons, ~ 


1, = —exp(—2j0,), andr; = —exp(—2/0,), 


where @ expresses the electrical length measured — 
from the reference plane to the face of the piston — : = 


in the waveguide. Using @, and 0@,, the balancing a 


condition is given by 


: =4 sin(0,+ 0,)-+reos(0;—6.) 9 : bie 
jn 2 — Sin(@st 09)-breos(O,— 05). oe 


Vs sin(@;—0,) 


In order to establish the bridge-balance for a 


certain load, it is not necessary to adjust both 


r, and 73. Therefore, we may set 4 = n/4 for a 
example. Then, an 
igced Wisin : 
jr = —(+r)tantaj+7). * ao) 
= ees 


Though the magnitude of the right-Hane side of. 
the above equation can be varied from —o to 7, 
it remains real. -Therefore, it is eeu 
ficient using a phase. shifter or other devices, so 
as to make the left-hand side of the equatihn (10) 


real. This is always possible, since |r} is smaller ‘ 


If the load to be measured is located ata» rae 
distance 4,.6/2x from the phase reference plane 


in the arm-5,- 4 5 Fi 1 
Ts = TL as de 29 95), ° 


where rz, is the ae coefficient of he case 


at the point, ane r, is that of at the reference _ Pan 


plane.. When the bridge is balanced by adjusting. ha 


6, and 6,, rz is represented by 


exp (270;) Sg 


LB eo oe d 
gr+(1+r) tan (03+). diy oe 


For practical measurement, experimental de- 
terminations of the matrix element, r, and the ~ 
Although 
there are several methods for the purpose, but 


phase reference planes are required. 


the following’ method would be the simplest. 


BC cole! KO! 1 (without Rasceunie flange), which the ‘bee 

“a TAG (12) ___ made of phosphor-bronze platés. In order to mini- 
mize cireuit losses, it would be better to silver th 
Ay e bridge balance of this type can be obtain- waveguide. The cross-section of the waveguide is 
using lossless pistions in arm-2 and arm-3. rectangular, and the inner dimension is 15x35: 
4 ‘it is now necssary to adjust the position of —_ millimeters. The six arms are connected each ; 
pistons. Putting ; other by four large and four small regular trian- 


i: ors—Ltjr(vo+73) = 0. 


A gles. The inner dimension of the side of large. 
and small triangles is 835 and 15. ‘millimeters re- 


‘ : \ 
eee ee (—2j0,). r; = — exp (— 2793), 


(12) may be written as- 
\ — ; 


spectively. In the arms, there are no ‘irises or 


ey 


$= O,+nn, fas) other ag Ciedenisae Rie 


“SE ae pede diig As already mentioned, this ciccuik is used as 
Pp (—2)62) meee )y = jrt2a. . 


a microwave bridge, the arrangement of. which 


is” shown eS this result that hie bridge: is shown by a photograph ‘in Fig. 2. - ‘The ger 


7 


e which is independent of 1%. and. 7; is found erator used is a erystal multiplier which genera- 


different pairs of positions of the pistons tes third harmonics from 14 to 15 centimeter waves. 4 


arm-2 and arm-3 within the interval of a The fundamental wave is, rane by a mag 


Position of phase- 
reference panes 


\ - we Cab i 


ie 
ol 


& 44 pio and Y= eh KS 


ae is: apown from equation (13) that the 


ta A ae ere ale panies 
De op if = pes —ha mie peo 


can $e. determined ei pshinehially. If > 
, the reference plane for other arms __ ee 467 Hf 4G SMe Ri 


mY oad =e 
> 


Operating wavelength ae cn. : 
‘ : vey: on ie 


R “the matrix element; r and a, may also + q 
EY v and l//. TP E a 


> ects sin 20” = — sin 20/', 


. _ wt 


a= ++cos 26 = F008 20", “ Scie ee ee Za ZZ nee 


3 Ot Bell —1y)/Ay, and 6! = 2n(l!—,)/a,. 


‘ \ 


Experimental Results. 2 


? 


aN symmetrieal six-arms waveguide circuit 
was designed and tested at the wavelength near ~ 


sists of a scam niuesten rectifier. 


Pionded by shorting pistons (quarter wavelength 
oke section type), and the third is terminated 
y a wide band matched load, and the fourth is- 
‘connected to a load to be measured- through a 
squeeze section: 


Two arms of: the remaining four arms are 


The matched load| is made of 
magnetite ‘sand, filled tapered. in the waveguide. 
The “squeeze section is not a “good phase shifter 
for measurement use. But it is simpler and ap- 
propriate for the preliminary test. _ 

by oy kth order to. determine the phase reference 
planes and the matrix elements. the waveguide 


of, the arm-5 is opened and a small electric fan 


with many wings is rotated near the waveguide 
‘opening so as to vary the reflection coefficient of 


the arm- -5.. And by adjusting the two pistons, the 


bridge can be balaneed for the time-varying. load. 
From the positions of the pistons when the 
bridge is balanced, the positions of the phase 
reference planes are determined by equation (14). 
_ The result of this model is shown in Fig. 3, as a 
function of operating wavelength. The positions 
are scaled from the openings of the polyhedral ~ 


eS eee he Ma ga ta ays ay ee 
Se el fabs, ad " Se FE 


cavity, which is not resonating, as shown in Ee 
Fig. 4. i 

The observed matrix element, 7, is also shown — 
in Fig. 3, as a function of wavelength. Since the i 
positions of the pistons were measured by a ealli- a 


--per, and since the pistons were neither screwnor 


rack-and-pinion drived, there may be errors of. 4 
about 0.2 millimeters. This causes the error of : 
about 0.04 in the value of matrix element, 1, 
which explains. the fluctuation of the above result. si 

If the circuit is not perfectly symmetrical, =) 
the characteristic of the circuit will be seen ‘dite: 
ferent from different arms. In practice howeyer, s : 
because of the above mentioned position errors,” 
the asymmetry of the. characteristic was, “not. 
found in the measurement of this. model. : 


The more accurate ‘and precise construction 


accuracy. This microwave impedance meter seems Ea 


- to be a proper microwave measuring instrument. re 


158; 3 (1948) 93. a 
(2) W.A. Tyrrell: Proc. I. R. E., 35 (1947) 1294 


} 


- When an obstacle is held stationary in mov- 


ing fluid, or, on the contrary, a solid is moved 


: forward with | ‘a definite velocity through - still 


a 


"water, we see. there a beautiful pattern of rip- 


Pe: 


ples. and waves. These phenomena were investi- 


ated by: many authors especially for the case of 
plane surface. Among them Lord Kelvin gave 
a formula of the relation between the velocity 
f the obstacle v and -& ( = 2z/a), where 2 is rip- 


wave-length, thus 


On the Steady Surface Ripples of a Cylindrical Flow.» 
Sater ase. eae Yoshimasa WADA. igo \ 
Yamanashi University. 


(Read Noy. 8, 1949; Received Jan. 28, 1950) _ aie 
¥ ~ ie tes a s 


where T presents the surface tension and the 5 4 
density of fluid and g is the gravitational accelera- “a 
tion. Thereafter Lord Rayleigh") investigated we 
mathematically the form of waves which occurs 

when . the disturbances are given with pressure 
striking the surface along a straight line or at~ 
a point. Since the right-hand-side of (1) is @ 


formula representing the velocity of surface rip- 


ACAD | a Ye 
)o= ot a Ba 7 
(tka 


kJ, (ikea) 


re _ _ Un+kWy? Ji (ika) 
k Jy! (ika)’ 


»_ F(a—l)  ikJ)/(ika) 
par: Si, (ikew: 


ss 


Jee +1) — Wz. 
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th ripples, the equation (1) means that we can 
eee poy the nipples of Pb bea corre- 


are observed, and: K. Prosad.and B. N. 
meuliieing these phenomena 4 eae the 


(5) 


6) 


(7) 


_ only, 


. First, we Stank the variation of fika) with the | 


_ sents it, where, if ka=1, flea) = 0, and ‘aa 


for the surface ripples of the eylindrieal colu 
of still fluid. On the contrary, if we take n to 
be zero, it represents a steady state, namely, ; 
T(kae—1) Med! (ikea) 


BWR Sabah 


In order to make this correspond to (2), dividing 

the both sides by %’, we find : 
1) Aika) 

ea? ) Taka) ay 


me ae 
e\ 

When & is finite ase a increases to infinity, ay 
takes the same form as (2); this is consistent _ : 
physically with the fact that the cylindrical flow 
is reduced to a plane flow when its radius in- 
creases indefinitely. Thus we must use (2) in the 
case of very large value of ka, and when a is _ 
finite, ‘we ought to take into account the correc- | 
tion facter for cylindrical case, a , function. of ka 


Ba a a ee 
eS (1- ~ Fat) Teta eee: 


values of ka, and then we > require the solution of 
- (4), which is written as gi Be: =. 


Ent ae 


“s 2 ¥ 


in simplified expression. ok 

By mathematical tables for iceanll oe - 
ka and by asymptotic expansions for large values, 
(12) can be evaluated. The curve in Fig. 1 repre-_ 
increasing ka, fica) “approrches to unity asymp 
totically, and f(ka) differs from ay bie ape 


1950) 


In the second place, in order to get the solu- 


tion of (13), we transform it as follows. 


Ww 
= Fy as 
Since it involves a factor jf(ka) in the deno- 
minator it is not easy to solve, but as we have 
already obtained the values of /(ka) for any value 
of ka, we can have graphically the desired rela- 
tionship of ka and W as a family of curves ha- 
ving @ as parameters. Fig. 2 represents such 
examples, where 7 = 73 and 9 = 1 in e.g.s. units. 
These curves are like parabolas, allhaving their 
vertexes on the k-axis, i.e. at W=0, and the 
only one which represents (2), having infinitely 
large a, is strictly a parabola. It is in the lower- 
most. For finite a@ with decreasing |W, k does 
not become zero but approaches to the finite value 
1/a, and, as the real jet in which the velocity of 
flow increases and the radius decreases down- 
wards, in the upper portion as well as in the 
lower portion the differences from the case of 
plane flow cannot be so small that (2) may be 
applicable. In addition, since the velocity in (1) 
has a minimum value, when the velocity of flow 


is less than this limitation we can see any steady 


aa 
RR 


Aa 


° 
ro) 
8 


XN 


Fig. 2. 
ke versus velocity W, for various jet radius a. 


ripples and- waves neither in front nor in rear of 
_an obstacle. For cylindrical flow, on the contrary, 
as (15) holds there instead of (1), we can see 
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steady ripples as long as W becomes zero, and 
at last the ripple length is given by the formula 
Wee Wiis Tne, Bes Paen 
this ripple length was introduced by Lord Rayleigh 


It is very interesting that 


as it gave the border-land between stable and 
unstable conditions for disintegration of jet. 
Although Fig. 3 is convenient to consider 
theoretically the character of (14), it is difficult 
to compare with experimental ‘results, as W and 
ado vary with the height in a same jet. So 
that we transform it again as to ‘represent the 
relationship of a and k with parameter Q, the 
This is Fig. 3, where the 
With increasing Q 


quantity of flow. 
logarithmic scale is used. 
the curves shift right-and-downwards ‘sustaining 
a similar form, and they have two asymptotes 
on the sides of larger and smaller values of ka; 
the former represents the equation (2) of Prosad 
and Ghosh for the same value of Q, and the 
latter ka=1, and this is a common asymptote 


8 
= 
Ss 
p 

| 

Ww 
g 


Fig. 3. k versus jet radius a, for various 
quantity of flow Q. 

(i) Q@=1.87 ce/sec 

Gin Qe 248.4, 

(Gile@i— bs 4a 
to alla—k curves. These sides correspond to the 
uppermost and lowermost portion of a jet. But, 
in real case, fluid is flowing down from an orifice 
of a finite cross section with finite velocity, and 
disintegration of fluid column occurs where the 
velocity increases over a certain value. So that 


what we can observe easily is the phenomena in 
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the central portion where the curve of Fig. 3 


deviates utmost from the two asymptotes. 


(i) (ii) (ili) 
Fig. 4. (a) Q = 2.48 cc/sec. 


(i) (ii) (iii) 
Fig. 4. (b) Q = 5.14 cc/see. 


In the case of real perpendicular jet, where 
a varies continuously, k also varies continuously. 
Such an aspect is illustrated in Fig. 4, where (i) 
is of an undisturbed jet in every case. By the 
influence of viscosity the ripple pattern cannot 
be observed on the whole surface of a jet at 
once, the height of the obstacle was varied a 
few times, thus the experimental values were 
obtained for the range as wide as possible. To 
get a and k& from these photographs the follow- 
ing method was used. For example, the distances 
of the two succeding ridges of ripples, z and 2, 
were measured from the orifice. The mean posi- 
tion z of 2, and z, was taken as the position of 
the ripple. And then in the undisturbed jet the 
radius a, at the distance z from the orifice was 


Vol 5,, 


determined. Subtracting 2: from 2, ripple length} 
2 was obtained, and & was taken as 2z/4. Since, , 
for cylindrical flow of equation (4), the relation- - 
ship of a and the radius of undisturbed flow a, , 


is given by 


1 
a= a,(1—4 


this equation was applied to get a from a,..% was} 
measured from the photograph for the same rip- - 
ple. Thus a number of pairs of @ and & for’ 
These : 
values were plotted in Fig. 3 for comparison 


various portion on a jet were obtained. 
with the caleulation. There are given three: 
experimental examples, curves (ii) and (iii) cor-. 
responding respectively to photographs (a) and | 
(b). : 

According to the above investigation, in or- 
der to utilize the equation of plane surface, we 
must pursue the measurement in the portion as 
low as possible, though it is very troublesome. 
In Fig. 3 the inclination of the variation of ex- 
perimental values seems a little steeper’ than the 
calculated curve. Although this discordance is 
qualitatively explained by the effect of insertion 
of obstacle, for further arguments viscosity which 
is neglected in the calculation has to be taken 
into account and the precision of the experiments 
is to be increased. 

I express my gratitude to Professors K. Honda 
and I. Imai in Tokyo University and Professor 
T. Yasaki in Yamanashi University for their kind 
instruction. 
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On the Phenomena of Burning of Insulators Caused by 
Gliding Spark Discharges. 


By Seikichi. SAITO. 


Hitachi Central Laboratory. 


(Received, July 22, 1949) 


§ 1. 


The phenomenon that the surface of insulator 


becomes worse and is spoiled by the surface dis- 


Introduction. 


charge is 4 dangerous matter in an practical case. 
Owing to the complexity of the phenomenon, how- 
ever, its research is far from being completed. 

Hitherto the many works about this problem 
seem to be chiefly concerned with the material 
of the insulator.. However, in this paper, we 
try to examine analytically the burning pheno- 
menon in connection with the forms of the spark 
discharge. 


on 


The surface burning of the insulator expands 
gradually by the repeated discharge, so that the 
phenomenon of the burning has been observed by 


The Forms of the Spark Discharge. 


repeating the spark discharge on the surface of 
insulating materials. 

The spark discharge circuit (as shown in Fig. 
1) consists of a repeating impulse voltage genera- 
- tor (a high tension magneto-generator is used in 


this experiment), variable resistance R, variable 


Fig. 1. Spark discharge circuit. 


capacity C, and a gliding spark gap g (needle to 
The forms of the surface discharge can 
be changed from one to the other, by controlling 
On the other hand, the 
_ spark is studied by taking the photograph of 


these variable elements. 


spectrum. 


As is well-known the forms of the spark dis- 


charge can be classified into the following two 
forms. — 


Resin 


pe satan ngpennatioe ae 


Fig. 2. Spectra of flame.and flash discharge: 
(A) g=10mm C= 360uuF R=10k2 
(B) ¢—l0mm C=s60yer KR—0 

Numbers of the repeated spark discharges 
are 96/sec in both cases. 


(A) The flame discharge having the violet 
coloured and weak brightness all over the gap. 
This form is appeared when R is large, and 
gives a band spectrum of the air (mainly N, and 


Table I. The Insulator which are examined. 


in our experiments. 


Phenol resin 

Xyrenol resin 

Anilin resin 
Phenol-furfurorol resin 


Condensed Polymers 


Polystyrene 

Polyvinyl chloride 

Polymethacryl methyl 
ester 

Polyvinyl acetate 

Polyvinyl alcohol 

Polyethlene 

Paraffin wax 


Polymerized Polymers 


Ebonite 
Vulcanized gum 


Gum vulcanize < 8 % 
14% 
26 % 
Fibre 
Acetyl cellulose 
Cellulose and Nitrocellose 


Benzil cellulose 
Ethyl cellulose 
Celluloide 


—————————— nce 


its derivatives 
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N.+ band). This form corresponds to so-called 
“glow discharge’’. 

(B) The flash discharge having the white colour- 
ed and very strong brightness all over the gap. 
This form appeares when R is small, and gives 
the line spectrum of the electrode metal (mainly 
spark line or arc-line). This corresponds to so- 
called ‘‘ spark discharge’”’ 

Now, the experiments have been carried out 
how the surface burning depends on these dis- 
charge forms. The insulators, which are examin- 


ed in our experiments, are listed in Table I. 


$3. The Forms of the Surface Burning 
(A) Flame Discharge. 

When the material of the insulator is bakelite, 
the surface burning is classifled into two forms. 
One of them occurs when the both electrodes are 
approached towards the surface (as shown in 
Fig. 8 (A), without contacting it. In this case, 
the flame appears all over the surface between 
electrodes, and the insulator burns being accom- 
panied with a violent evaporation. At first, a 
dark brown groove begins to appear, and it be- 
comes deeper and deeper. A remarkable feature 
of this burning is that the spark can be always 
observed on the surface, and yet the spark voltage 
is maintained at the constant value. The reason 
is considered to be the fact that, owing to its 
high temperature, the evaporation becomes active 
and the flaming up is followed in its scattering 
process, therefore no carbide remains there. This 
form of the burning is named “ evaporation burn- 
ing’’. 

The other burning occurs when the both ele- 
ctrodes are brought into direct contact with the 
bakelite surface, as shown in Fig. 3(B). In this 
case, at first, a yellow coloured fire spot with 
very strong brightness appears at the top of 
negative electrode, and then the spot moves gradu- 
ally towards the positive electrode at the speed 
of about 2.5mm/sec. The trace of the spot is 
carbonized and formed a shallow ditch. In this 
case the spark voltage falls down gradually, as 
if the negative electrode moves towards the 
positive one. 


When the spot reaches the positive electrode, 


the spark voltage decreases suddenly, and the: 
discharge current flows through the conductive } 
carbonized ditch, so that the visible spark is no} 


more observed. There exists a hyperbolic rela-. 


- hollow 


Ii 2 


Fig. 3 (A). 
Evaporation burning. 


burnt trace 


VI... 


- enereuan te: £855: | 
mS +e 


Fig. 3 (B). 
Carbonization burning. 


tion between the time for the disappearance of 
spark and the numbers of repeated sparks per 
second, as shown in Fig. 4. 

Considering from the fact that the spark 
voltage diminishes as mentioned above, the form 
of this burning is fatal for the purpose of in- 
sulation. This form of burning is named ‘carbo: 
nization burning’?. 

The evaporation burning digs the insulato1 
in the vertical direction, but the carbonizatior 


x Burning does not take place. 


100 


! 
a. 


” Time fo r carboni igalion burning 


S 


1 EP renal 
0 20.40 60 80 1004, 


Number of sparks per Second. 


~ Fig, 4 Relation between the time for 
_ carbonization burning and the numbers of 
: sparks per second. 


burning ‘expands along cha surface of the insu- - 


; lator. Sysstat giek 
vee Shae ‘the ease of. darbonizétion.Ybarning, the 
burning begins ‘from the negative side. But, if 


_ the top of the negative electrode is separated only 


about 0,25 mm from the surface of bakelite, the 


“«<earbonization burning’”’-can be prevented. On 


sec, 


10.000 
ae Lee _ doés not decay. 
= 
i ge 
1000 3 
x 
as : 
‘ 100 - Ebonile 
° 4! Tes : 2 
= 
S 
8 
* = 
iS 


Gap length of surface spark. 
Fig. 5. Relation between the time for the decay of spark and the gap ora: 


i 
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_ is separated. 


not depend on the anode condition. 


_ processes to those of bakelite. 


_ substance and the spark voltage becomes extreme - 
_ly low. 


arrows indicate that the spark . 


es 3 When hoth electrodes contact on the surface  — 


. s—o-~-When only positive electrode s lifted 2 
fo te-When ne fant elecbrode is lifled by 025 mm 


the contrary, -even if the top of the positive ele- 
etrode is separated from the surface, the carboni- — 


zation burning occurs, unless the negative one — 


In other words, the occurrance of 
this burning depends upon whether the cathode ‘th 


is in contact with the surface or not, and does 


These results = 
are shown in Fig. 5. : 

In the case of other insulators, except gum’ 
in Table I, the burning takes place in the simila 
The difference — 
among the burnings of the various materials may 
depend only on the speed of these burning process. : 

In the case of ebonite, however, the pheno- 
menon of burning is somewhat different from 
that of bakelite. In the case of paklite, the | ev- a 


ay * 
aporation burning is accompanied with the eva- 24 


poration and the flame, but in the case of ebonite, ‘ 


the flame is more active, and is accompanied _ 
with the smoking. Moreover, the surface ‘of. 4 
ebonite between disetvsaeus used to fall in ‘melt- d 
ing state. A carbonized substance: that looks % 

at 


like soot, floats over that melted parts and ja 


heaped up gradually, at last the spark ‘current 
comes to flow through the’ floating carbonized 


On the other hand, the carbonizatio 

At first, a 
bright. spot appears on the nepatve side, and 4 
then the ebonite under the spot begins: to" mel | 


burning in ebonite are as follows. 


LY 


ee Ia Se oe ee 
7 F ee 


itions of the top of negative electrode 
Concerning these matters.the following 


soldered 


t 


Elapsed time of discharge, 


a Fig. 7. Temperature rises of negative 
t ‘ae _ and positive electrodes. 


sO stable as that of the negative one. Becddaaed 
‘it seems that the appearance of, the positive spot 
does not depend on the materials of the insulator, 


of the surfaces of anode and insulator. For ex- 


developes. 


‘sistance R; which is in series with the surface ~ 


iY 
ee ’ 
) 

I Without additional paraliel static hat 

I With 120 yuF additional parallel stalic capacily, 

EE With 240 yuF —————_"s —— 

WWith 360uuF 


Fig. 6 II III and IV, and the burning phenomena 


the jnaaced electro-motive- foree can n be measured, j 
and its vedutes are shown in Fig. 7. When the — 
junction is connected to the negative electrode, 
a remarkable deflection is observed as shown in — 
curve (I_), but, on the contrary, when itis a 


very small as shown in curve (I+). From these © 


ed to the positive electrode, the deflection is 


resluts, it is recognized that the top of negative 
electrode becomes very hot, and owing to. its | 
high temperature, the insulator which is just i in 
contact with the negative electrode eras to 
burn from this point. © _ 7 - 
In the ease that the ‘gap ohare is nine | 
than 15mm, a small bright spot often appears. 
from the positive electrode too, and it moves fast. 
towards the ‘cathode, and collides with the other — 
spot from the negative ‘electrode. This positive 
spot appeares frequently when the carbonized ‘ 
particles or moisture adheres to the surface of . 
a 


~~ 


the electrode or the insulator. 


The appearance of the positive spot is not 


put only on the physical and chemical conditions : 


ample, when we. paint a comparatively heat proof q 
paint on the surface, the bright spot from the 
positive electrode hardly appears, but the bright 3 
spot from the negative electrode burns the paint — 
in the neibourhood and the carbonization eS ‘ 


(B) “Flash Discharges 


In the cireuit shown in Fig. Te if ‘the re- 


spark gap g, is zero and C is increased gradually, 
the flame discharge becomes to change into the _ 
flash discharge. In this case, the temperature” 
of the cathode also becomes lower as shown in 4 


of insulator, not only evaporation burning but 
also carbonization burning, do not occur what- — 
ever the material may be, (as shown in Fig. 8) 
However, the surface of insulator ‘is engraved _ 
along the path of the spark as ‘if the spark falls _ 
into the insulator. | - And the bot “of the insu- 4 


1950) On the Phenomena of Burning of Insulators. 267 


‘lator in the ditch. does not change. So that the 


formation of the carbonized ditch, and the sudden 


ditch 


WAZ 


Fig. 8. Harmless deformation. 


decrease of spark voltage cannot be observed. 
Therefore, the realization of ‘‘the harmless dis- 
charge’’ can be expected, by connecting the suit- 
able capacity in parallel with the spark gap, or 
by widening the gap and raising the spark voltage. 
Furthermore, as well-known, the duration of 

the flash discharge is very short, but the flame 
discharge continues for several milli-seconds. 
Therefore, if the induction period—which exists 
in the case of ignition phenomenon—exists in the 
ease of burning (that is, evaporation or carboni- 
zation), it is reasonable that the bruning does 
not occur in the flash discharge. On the other 
hand, the repeated discharge of the above two 
types are examined with the electrodes enclosed 
in a glass tube (as shown in Fig. 9). The tem- 
perature rise of gas in each case is obtained as 
_shown in Fig. 10. From these results, it is 
understood that, in the case of the flash discharge, 
the temperature rise is remarkably smaller than 


that of the flame discharge. 


electrode (copper wire 189) 


| rubber 


air (1atm) 
alcohol thermomeler (6.5 p) 


Fig. 9. Measurement of temperature rise. 


To examine the temperature difference be- 
tween the flash and the flame discharges in the 
same spark energy, Cis maintained at a constant 


value. In the case of the flash discharge, as above 
description, the temperature rises of the electrode 
itself and of atmospheric gas are both small. So 
that, in the case of flash discharge, in spite of 
the fact that there is no loss of thermal energy 
in series-resistance R, the generation of thermal 
energy is smaller than that of the flame discharge 
On the other hand, it is evident from the result 
obtained in the spectrum analysis that the ele- 
ctrode is remarkably consumed by the flash dis- 
charge. Accordingly, in the case of flash dis- 
charge, the most part of the discharge energy 
seems to be consumed to evaporate the electrode 
metal. As is described above, in the case of 


flash discharge, not only the duration of discharge 


0 50 100 150 209 250 300 350 


Elapsed Time 


Fig. 10. Temperature rise of flame and 
flash discharges. 


is short, but also thermal energy itself is small. 
These facts are one of reasons why the ability 
of burning is small. 


§ 4. Conclusion. 


As the results of qualitative experiments on 
the burning of insulator by the gliding spark, it 
becomes to be clear that the states of burning 
are much dependent on the type of spark discharge. 

In the case of the flame discharge, there are 
two kinds of burnings, the evaporation burning 
and the carbonization burning, and the degree of 
the damage caused by these burnings depends on 
the material of the insulator. 

The former consumes the insulator, by the 
evaporation and the flame burning, but the spark 
voltage does not fall down. In the latter case, 


the carbonization begins from the negative side, 
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and extends gradually, and at last the gap be- 
tween the electrodes is bridged over by a carboniz- 
ed material and becomes conductive. The carbo- 
nization burning begins to occur from the heated 
point on the negative electrode. And so, a great 
attention must be paid to this point. 

In the ease of the flash discharge, whatever 
the material may be, the burning phenomena are 
not observed, and the spark voltage is maintain- 
ed at constant. For this reason we should con- 
sider not only the existence of the induction period 


for burning, but also the smallness of the thermal 


(Vol. 5; 


energy of the flash discharge. We should also 
remember that this fact suggests a possibility of 
some method to prevent the surface burning of 
insulators. 

In conclusion, the author wishes to express 
his sincere thanks to Dr. Toriyama, director of 


our laboratory, for his advices: 
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Effects of the Transformation Process on the Thermoelectric 


Power of the Superlattice Alloy Cu;Au. 


By Takao SATO. 


Faculty of Engineering, University of Kyushu. 


(Received Dec. 12, 1949) 


§1. Introduction. 


The thermoelectric properties of the Cu,Au 
superlattice alloy was first. treated by Takagi 
and the writer.) There, we used the quenched 
specimen coupled with pure nickel wire and me- 
asured the thermo-electromotive force between 
0°C and 100°C. And we found the relation be- 
tween the electrical resistance and the thermo- 
electromotive force. It is easily seen that this 
method is not suitable for studying the behavior 
in the neighborhood of the transformation point. 
Now the writer has measured the temperature 
dependency of the thermoelectric power of the 
Cu,;Au superlattice by the same method as used 
by the writer) in the Ni,;Mn superlattice alloy. 

The present investigation may be intersting 
from the point of view that the transformation 
mechanism of the Cu;Au superlattice alloy has 
been more clearly understood, particularly, from 
the researches of Sykes and his collaborators() 
than other superlattice alloys. 


§2. Experimental Details and Results. 


The materials used were pure gold and ele: 
ctrolytic copper. They were melted together in 
Tammann tube of graphite and casted to a wire 
of about 1mm in diameter and about 50mm in 
length. The specimen was annealed at about 
800°C for 2hrs. and slowly cooled about 15 hrs. 

Firstly, the electrical resistance was measur- 
ed by the usual current-potential method, in : 
order to examine the ordered state.of the speci- 
men. The results are shown in Fig. 1, where 
the ordinate represents the potential drop in mV. 
The curve I shows the variation of the resistance 
on cooling from 500°C to 330°C at the rate of 
about 1°C/min. and the curve II shows the result 
obtained in the process of heating from 330°C 
to 500°C at the same rate. From these curves 
it is seen that the transformation points are 
375°C on cooling and 392°C on heating, respective- 
ly. The curve III shows the result obtained on 
cooling from 500°C to 250°C at the another rate 


of 10°C/hr. In this case, the transformation 
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J veegie Ti is interesting that. a small | 


a 

Kz Type eo 

Potentiameterf _ Se 

Fig. 2. Apparatus for the thermoelectric ~ a 
power measurement. mos 

A : Nichrome wire winding furnace. 
B : Copper pipe. (af 


C : Pt-PtRh differential thermocouple. ae 
7 D : Pt-PtRh thermocouple. - ee ate 


* 


Gi: Galvanometer for the temperature — i 
difference. XS ea 
G,: Galvanometer for the thermoele- © ope 
ctromotive force. ie 4 


S : Specimen. 


‘ 


sitivity (1,8x10-‘V). The thérmocleeese power | 4 


Ae. 


re 


was obtained from the thermoelectromotive force i 
A and the temperature difference at each. temper- S: 
ature assuming the linearity relation. The results. 3 
Sate 4,4 0 450 are shown in Figs. 3 and 4. Fig. 3 ee 


Z Temperature °C : 
ys yh seen ‘The ‘electrical resistance versus 
~ temperature curves. ~ &e 
Curve I - cooling at 1° -C/min. 
Curve II : heating at 1° C/min. 


Curve III: ‘ cooling at 10°C/hr. 


For the measurement of the thermoelectric 
3 power, the writer has adopted the method similar 
_ to that used for the measurement of anomalous 
: _ behaviors of the thermoelectric power of the 
-Ni,Mn superlattice alloy(), The essential features | 
~ of the apparatus are shown in Fig. 2. The thermo- 
~ electric power was obtained by measuring direct- 
‘ly the thermoelectromotive froce of the sample 
coupled with a platinum wire, a small temper- 
ature difference between two ends of the sample 
- being kept. This temperature difference was 
about 1-38°C which occured in the furnace. We 
uséd a Pt-PtRh differential- couple for the me- 
asurement of these temperature differences. | 350 > 400 450. 
: The thermoelectromotive force and the tem- : Temperature °C | 


_ prature difference were measured, respectively, Fig. 3. The thermoelectric power vs. — 


_ by two galvanometers (G; and G,) which have temperature curves on heating. Curve I: 
‘ele Ted pores “6 sg and a high morta sen- rate 1°C/min. Curve II: rate 20°/hr. 
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se ‘ing in which the curve I and Il are the results 


at for the rates of 1°C/min. and 20°C/hr., respective- 
ly. The: sign of the thermoelectric power coupl- 


from 6 toc is more steep in the case of 1 °C /x 
than in the case of 20° C/hr. and the chang 
e— E is similar to that of a> A. 


ed with a platinum wire is positive. 


In the case of Fig. 4, there is no sharp 
as in Fig. 3. Though there” is no such a dist 
valley in the curve I as in the curve Il, p 
and r in the curve T seem to correspond to ; 
Q, and R in the curve II, ‘respectively. 

It may be considered that A, B, and 


ae ks 


Fic. 4 there are no pein ‘cortesaendiae ae D :* 
_ and £ in Fig. 3. The features of the part of A ; 
similar to those of P, but the features in 
neighborhood of C are - very different. from 


Temperature me ; in Rk. ‘ae s : - ; S Wm, SN g = 


i 


g. 4. The thermoelectric power vs. 
-ature curves on cooling. Curve I: parts AandC should be due to something i in 


C/min. Curve II: rate 20°/hr. i growing processes at the Tong Tanees order = ee 


a remarkable difference uareeey 


rate of 20° Chhr. se: oa this guise, of | \ 
_ may expect phat the difference between } 


are slightly different, and Serco is. 
: et Ss mentioned above, there ‘are sharp peaks in other. features. Whilst, it is price 
it 398 > and 393° C in the curves I and IL of Fig. «thet as mentioned Sees there i is ee 


ees the resistance versus Fathinseenre curve of Fig. 
#4 that the real transformation point exists just 
hese peaks. It is noteworthy that there 


ting curves in Fig. 3 Jantar on the heating thermoelectric. maiens may ba 
used and it may be considered that a, b, c, influenced by the. growing -proe 
and e of the curve I correspond to A, B, C, onder.) _Romecasen i 2 on. 


y iy ae case | ay the superlattice alloys Mg,Ca, 
“MgCd, and. MgCd, in magnesium-cadmium 
system, ‘Therefore, no further detail discus- 
sions can be’ ‘made on the fact that the pre- 
transformation phenomena in the case of the 
“Cu;Au superlattice is not observed. 
-Komar and Sidorow() found that the Hall 
- coefficient changes its sign from minus to plus 
‘in the transformation of the Cu;Au superlattice 
_ from the disordered state to the ordered one. As 


the. themoelectric power is- proportional to the 


electronic = change e as the Hall coefficient, we 
will examine the sign of the thermoelectric power 


before and after the transformation. 


“metals and alloys is 1-104V/deg. and a sign of 
7 the-relative thermoelectric power oe T. E.P. ue de- 


“i, La AVdeg. at 350° Cc. and 


ak 1 oe at 


Ec. alloy is given ai s-| Sal where S is the 


i the sign of- ~the A.T.E. P. of the Cu,;Au_ super- 
SH lattice must be positive for both the ordered and 
; Thus, cthis result is not 
consistent with the sign of the Hall coefficient. 


- the disordered states. 


“According to ‘Muto’ st“ ) theoretical consider- 


vo 


“% superlattice, in the ordered state the Fermi sur- 


the Brillouin: zone, since ‘the first Brillouin zone 
of the disordered state is divided into zones* of 
smaller volume: in the ordered ‘state. Owing 


0. this change of the electronic structure in the 


Hall constant Meas: its” sign from minus to 


6: Generally, an order of ‘magnitude of the ab- — 


R.T.E.P. of the alloy measuréd and |Sp,| is the - 
- absolute magnitude of the A.T.E.P. of platinum, . 


: ation. ‘on the electronic structure of the Cu,;Au — 


\ 
face cuts across some of the boundary planes of 


ransformation, it will be qitlerstood that the: 


5 nm 


“power are boss Puengortional to the slectronie’ Ps 
Spheres é, other factors which determine - their 
signs are by no means identical. To calculate 


the thermoelectric power it is required to have 


the more accurate knowledge of the energy 


levels and the assumption that the electrons are Bt 


free is not such a appropriate one in this case 


as in the Hall effect. 


be considerered that the inconsistency in aa 


For these reasons it may — 


signs of the Hall effect and the thermoelectric: a 
Ce is not essential and Cevens upon some 


Cu;Au superlattice. 

Now, it is remarked that the temperature : 
dependency of the A.T.E.P. of the superlattice 
alloy Cu,Au decreases with rising - temperature 


in the -region of the disorderd pees: as the 


whether the disordered state ‘has the ce = 


» 


- havior of the order-disorder transformation than: 


‘on the delicate states of the electronic structure — 


thermoelectric power than ike ordered se or. 


electrical resistance is affected, the e detailed « co 


sideration of the transformatoin process is. not 


The present results of the thermoelectric power 3% 


seem to show more obviously the complex a 


the results of the speciffe heat. Since the specific a 
heat has a simple meaning and is intuitive, qu- a 
antitative discussions of the results of the specific oe 


heat can be made. On the contray, as the ther- ie 


‘moelectric power depends, directly or indirectly, af 


of solids its maning is not so simple as that of oy 
the specific heat. The thermoelectric power should 
be affected by the delicate internal state of a. 
specimen which can not be found by the me- 
asurement of the specific heat. However, the : 


present knowledge of the thermoelectric power 
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2 eee On fie. relies of the Small ene Reflection of Cathode 
Rays from the Surface of a Single Crystal. 
Part 36 The Effect of pe beproeiens 
. 4 ve 
ink By Kazutake Konra. 


(Received eet 28, 1949) 


A ~Abeerate 


“The effect of’ absorption on the electron eiffraction is studied by introducing 
the imaginary potential into the Schrodinger equation. The interpretation of 
“ ~ anomalies in the lower order reflections carried out in Part 2, is made more com- $ 

_ Plete by considering. the absorption. Finally, the several proleat as te the 
lower order reflections are discussed. : eaetal shee 9 2 
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~ - 


imaginary potential into the Schédinger eq ation* 
and the other, adopted by Harding correpond 
to those of Dgewny and Prins® in X-ray dif- 


fraction. bie as se ee 
‘There are some ‘inconsistencies. and 

guities among the results: ‘obtained by diff, 

authors. While the result of Slater( indi sa 

‘that the position of ‘the reflection | is n 

by the effect of absorption, that of, 

on the contray, . indicates that - it is 

this paper we will carry out the e a 


exactly as possible: by introducing 


ARIE corresponds | ‘to the or 
and G. Moliere®. 


erunen in aerate tne moreover, make 
the consideration of. the small angle reflection, 


hich has been done in Part 2, more. ermapiete: 


aicoduction, of Absorption by the 
“aid of the Imaginary Potential. 


The state of ‘the electron i ina ectetay is given 
by the following equation. ‘ 


a me 


4b+ 


(E+V)E = 0. en) 


As eee is Vv presents the periodic 


“field of the erystal and has usually the real 
If we add the imaginary constant term 


vy,’ to the real potential, we get the damped 


wave as follows : Suppose that only incident 


- wave e is strong in the crystal, its ‘wave vector 


vis given by 


2 as ee ee pe ey 


: rat Ooh Se 
ne ME ~ Gy i: Unt 


; yeti? eT SS SP 3 
 dyeito” = dy of Kel toliore PVR (8) 


phere’ 8 means the a oie in the incident 


meanigs as in Part 1. When wo! is positive, we_ 
have the damped wave by adopting the (-) sign. 
We introduce further the following periodic 
maginary potential with a serte pees: : 
_822me 
h2 


eo lor binpens Sate (4) 


The procedure of’ the eaiubation is essenti- 
My the same as the one in Part 1. In the pre- 
sent case, however, the resonnance ‘error 6 is 
always: complex and there is no strict selective 
reflection. _ When the thickness _of* the crystal 
4 is’ sufficiently large, the- Ae coefficient 


is always given by 


= Vat D= yee —Vin +N? 
ae po —8)?)(N-+D—8)|? + |Vig(N-+D—8) 
pe este Vise? (D—-B1\0+D-3)? 
ae ee 


a is indepedentvot L809 6 Na 


ne 


lirection- and the other symbols have the same — 


value of for (ee 


while, for g= 
the sign 


The Value of the Potential. 


Before we carry out the numerical caleula- ~ a 


tion of the reflection coefficient by (5), each term 


of the various types of potentials involved ins 
(5) is determined in the following way. 
(A) .The real potential. z as 
The periodic terms of real potential % ‘is. 
given, as well known, in terms of the structure 
~ faetor pageesing to eq. (26) in Part 2, 


-8x°me 


v= 
9 h? g?as 


Slee g 7 Ry Z,'—f)) ; 
a 


It is to be noted that the phase factors of 
_ some vg are varied by the position of the BUN 


face. Now we consider two re cases Fig, 


ineide with the atomic plase (ey Blane in ato: ‘ 
- ther. case, we put it. at the middle. of two atomic : 
ae coisas 


OoNa Oe 3 

Fig. 1. ‘The position of es surface. 
For instance, there is no difference in the 
re between two. cases ; a kt 
8x2me : : AE tas : 

sy pga MEN, 1) + Cot os, © 


(004n+-2); there is a  diference in 


7 
m= {3} ae x 4{(Z Na Pei -f*). Cag 4 


F 


# 
This fact has the influence on the tail tee a 


of the (00 4n+-2) reflection, but not of the aoe pe: 
ietoketion as shown/in Fig. 2. WS eee : ‘- 


* When there is no absorption, this Sadie ae 


sion holds only whithin the range of selective 
reflection. 


-@) : The imaginary potential. 
‘ (a) The constant potential. 
Suppose that the amplitude of the incident as 
Save decreases to l/e in traveling a distance 


by absoption, and we obtain the following re- 


) cases in which the’ various types of f the 


. : ; . wt _ 2V K+ ; o nary potential are ‘introduced besides. th 
real one. Fig. 2 shows the numerical resu u 
_ on the (002) reflection for various values 


V)/==——. (Lin A) (8) - 


a value of v can be determined half- 


4 


e: ett cnet of ee eee its s value. 


= ee ost & 4 & <i? 


: Bee. sae at neta ghey sgn ee in. n/a 


sete the representation ot. % in 
2 e oes factor as sehen Sor Sig Sar ak aie ae 
VSD ik a . a) KO . 


™m 


nade cell and WSS f, |? a is the spienfied 


mn ao. ‘ 


zed structure factor, the table of sales 


“ 
spats ca : = 
iver # mine and atte is : AES < 

= 


ne for the Papa atom, although. it seems 
more suitable to.use the one for the ery- > 

_ According to Pisardnkot" who calculated 

orresponding quantity to ours using Frenkel’s 

tation function, vy! terns out to be negligibly 

i, 


es poet 1.87.* (a) v4! =0, 
a i But, as our intention is tostudy | @ a2 bcs : C 
f = 


uslal, the values determined in the abet [ viigeen ie a in 
way will be of some use. ; ae ie to Es = 2,00 


ye s ¢ 


of maginary potential : Vo! “ 


t besides: the constant term 


a VE 2.0. 
a a : Ae Ci. in An oe 
ae = Sar as 9 Pte = 3. 
oo - Vu=0, Vig=—(por foe) = coos age 
tv teo2)> Vy = 1:87 (a) no: absorption, 
. (b) uniform eee ite 4, ney peri- 


Fig. 5. 3 and reflection coefficient 

Viui=0, Vig =—(Voos Fives) = =—(0.612 +008) 

V) = 1.87*, (a) no absorption, (b) uniform 
absorption, v,’ = 0.4, (c) periodic absorp at 

~, tion, v! = 0.4. v/o4 = Pavs 00! 0 = = 0.13 ; 


mean. inner potential. 


The actual intensity curve can be e 


the surface. The latter effect has already co 
ese sidered in Part 2. It may be concluded th 
vee Ug! are otecnineds in terms of the 

-genelalized structure fector. (a) no ab- 
oe sorption, the same one as (a) in Big. 255. i 
ie Jus = —0. oe 2. 167, VigS ee 1g— order reflection. By the use of eqs. (19) (20) and 
(22) in Part 1, we obtain the new correction for 


° generally the peak of reflection shifts from th 
center’ of selective reflection, except the lowest 


the BEEeEeee mean inner potential ; 


A= EY +08\Vil AN) 


* vy = vg = 0 (+ (000), (004)). | = 


+ 
~~ 
S 


Sita ene oa 


- e 


\praceececesereca Cen 5 abe Je 
\ 


an 
\ 
~ 
me 
De, 


& 


Sidet ‘beam. (a) no absorption, (b) 
0.4, (c) effective beam, (b) the mi 
ve to be expected from (b) and (c). Cok 


\ 


¢ ep anmer Stahtial for each order reflection. _ a i 
©: Observed value, x: Old CORT Cpaeas valu 
_@: Our new Gorrented value. 


yr DN 


pe Discussions. Sa 


hi anomalies at the lower order reflections seems not to be dential Patients: in the r 
* ‘5 


litatively « explained*, ! i te bei various uianintieg: made ont 


‘The ee aie ie (in volts). righ kind of i imaginary potential is theoretically 1 


at 


acceptable, remains unsolved. Pe iar 


ea Mee 


f. 'Yamaguti’ s Old New at 
ction result | correction | correction (b) In the (002) reflection, ‘the peak 


6.95, (— 1.00) | =. 3.6 is actually observed in ‘the ‘experiment | hae 
1.64 0.98 |- 1.77) be expected from the theory in any type | 
0.48 7 0.50 0.83 ginary potential, but by taking into ecou 


_ 0.11 0.28 0.49 _effectivenses of the. incident beam. 4 
0.31 0.17 | 0.29 ; 


WOlZe”* 0.12 0.18 


hx. gh) According to our result for (004) 
my tion, the peak of the intensity curve shift t t 


In our calculation, of the intensity ‘curve, ‘tion for the uniform: absorption « as wel tha 
alue of the mean inner potential 7.28 volt the pericgig. one. ‘This, result eta) 


is” Di siderably diferent from 8. 48 Subtle ed to arise from ie Poorness oof ies A 
, Yamaguti’s experiment, the data i in which tion. © > eee Fo A hath Safe * 5 
is | >mpared with ours. However, these values (d) The agit of reflection Ss leer 
1 not so much influence with the correction a amet vale: of abeerption 3 a 


of f the effectiveness. of the incident beam as séen 
In : Fig. 6. As for the experimental results, Kiku- 
chit) and Beeching(@? observed the width 10-20 
; imes that to be expected from the simple dy- 
a amical theory, on -the other. hand, ‘Miyake’ 8 
result(s) agrees approximately with the predic- 


absorption such as the adsorbed layer and the 
: irreguralities of the spacings near the surface 
‘will have their influences upon the width of re- 
flection. In He present stage, it seems not to 
“this problem. 

(e) As seen in Fig. 2, the tail part of the 
eeeucity curve is influenced by the position of 


the surface. ‘The: potential near the surface, in 


influence upon the tail part. 


: @ reflection is still smaller than the one expected — 


ae 


‘ from the experiment. The discrepancy may be ; 
a “caused by the following conditions: As there are 


iy many small step-like projections on the surface, 


the part. of transmission increases and the effect 


_ of refraction will be reduced. 


$ 


In conclusion the author should like to ex- 


® * > 


rad Sha 


On the Rate of Nucleation, of Ice. 
By Hirobumi OURA. 
Institute of Low Temperature. a at Ho, kaido 
3 : : 


University. 


(Received Jan, 6, 1950) 


“The supercooling of water is a common phe- 
“nomenon which we meet frequently. It has been 
4 believed that the freezing of supercooled water 
“starts from points called nuclei and the freezing 
does ae, occur. Jaypare water Which contains no 


al "press his sincere thanks to Prof. Shinohara for a 
xrmore, it. is Sadie by bone’: account 


tion of the theory. In fact, other causes than 


be possible to. enter quantative discussions on (URC Darin 


_ (11) K. Kohra and K, Shinohara : 


= "(12) W. Heisenbering ; ‘Phys. Zeits. 32 (193, 4 137 
“fact, would be more complicated and have its 


ip. (6) The correction value for the lowest order . ~ 
(14) T. Yamaguti: 


Sal 


7 ere) 


et: 
oe 
yf: 


his guidance and Prof. Muto and Prof. Nogami 
for their kind advices and encouragements during 


as 
ire 


the course of this work. Nee Le 
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- Short Notes ; ie aa 


nuclei. In like manner, production of iee erystal im 
by sublimation in air has been believed to need 


sublimation nuclei. But the experiment by R. Ss. R. \ 


Johannsen) about freezing of supercooled water Bs 


and the experiment by V.J.Schaefer@ about + 


production of snow in supercooled fog showed 


that nuclei appeared spontaneously in supercooled 


oe 
water or in supersaturated water vapour even if’ 7 q 
there were no nuclei. « These spontaneous nuclei 
must be very small particles of ice and the prob- 
ability of production of such small particles by y 


statistical thermal fractuation may be fairly — 


a “large. The author calculated the rate of nigled> <i it suitable to { 
ze ‘tion using the equation derived by 0. Turnbull cules in 20 ttoleeniak lay 
5 and a: C. Fisher) , and explained quantitatively ~ tom of the vessel and re calculated. 
os ph eplag of experiments of Johannsen and Table I. ie : * cs 
‘The interfacial free Snes. between Ee Table 1. ; 


—19 ibe 


freeze only when it has aoe cooled SS. | 
is critical temperatur. It is noted that At —19°C it ie about 5 minutes for o 

width of this critical temperatur is very —_yucleus to be made, but at — -20°C about 3 nucl 
: _ us is made per second and at ae about 
er “moved about a copper rod cooled to nucleus* per. second. From this result w c 
pe below O° C in artifeially understand the fact the everre 


1 that small crvatel of snow - appeared difference of temperature as one degree in 
pepkes os" of —20°C. : : 


Ny 


~ energy between ice and air. is atates 


em? and the value of A is determine n 
between air and water and that of the: ae 
_ between water and ice which t e au ASSUI 
above as 18.5 erg/em’. As” LN, the numbe 
eatenranaay molecules i in 1000 0 cubic © 


: the bulk free energy difference in 


3 


; oe Pe 
of free surface. 4f* is the free energy’ 


on “when a nucleus of 7 molecules and 


4 IL. From this. we can “explain the } 
perature —39°C. ws SO a 
of water or water vapour combines © ml avr thao 
ye of i+1 molecules. 4f* is neglected < Sig ete be al 


e 3.6 at —20°C in order to be consistent with - ‘The phenomena ‘that | 
experimental results. This is the same thing water and Paes: ‘vapour can mak 


- 


en ice and water to 18:5 erg/em?. Johan- nomena occur, or not with a sl 
1 cooled the water in a vessel at its bottom 
1d let the water freez. The author considered 


5 ee 
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n the Anomalous Dielectric Properties 
of Mixtures of Lead Titanate and 
_ Strontium Titanate, ; 


By Shoichiro Nomura and Shozo SAW 4DA. 


Institute of Science and Technology, — 
University of. erly: 


pi ass was 
; eae Us eee 


igeowel March 1 1950) _ 


SS Becciitiy: it has S5ea disepvered experimen- 


Sampl de from PbTiO, and SrTiO 
tally that many of the perovskite-type crystals, Rien aa he ss 


: _ namely, NaCb0,, KCbO;, NaTa0,, ete(). and tung- 
- sten oxide ‘WO;) are ferroelectric substances, 


powders. These are mixed, pressed into di 
and then fired at about 1200°C by electric furnace : 
Fig. 1 shows .the temperature dependencies ‘ p 
both permittivity and loss factor of the sampl 
(502 PbTiO,+50%6 SrTiO;) from room tempera 
ture to 300°C, being measured at 940 KC. 


seen in Fig.1 there are two anomalous point, i 


4 as in the case of barium titanate which is well- 
‘i 
a 


a known to. have spontaneous polarization in cer- 


tain regions of! temperatures. In this connection. 


it should be noted that Matthias pointed out the 


eee conditions for a ah oek to be fer- 


this region, similar to those of BaTiO;. Althoug! 
_ the permittivity is. about 250 at room > tenpe 


ture ene ae the upper Curie point of ‘about 
218° C. ge the lower Point: of about 35° Ce a dis- 


= have ‘been studying the dielectric properties of 
aa solutions of ee & ers and spi aed Be 


law of permittivity is ee aay eaperiniee 
3 inv = found to. become lower ‘for the ae - ee 3 ea ee 

tally for its mentioned substance, namely, — = 
cand eet for the latter in pop enision with ies 


Se gee eae 
TT.’ 
where Cisa constant, being equal to 0. 94x10 “Sip 
_ deg. in our case(). = — % 
Fig. 2 shows. the relation between Curie tem- ans 
perature and mixing weight-perventage. With 
decreasing weight-percentage of PbTiO;, the up- 
per Curie point is observed to displace rather 


linearly to the lower temperature side, while, | 


t the higher temperature ‘side, toge- 


S$ tend to nearly coincide at about 50°C. 


’ 


; method of measurement because of its 


Oss factor ’ prevailing at higher ‘tempera- 


teresis phenomena of polalization with 


urie temperature, which phenomena are 


oscillograph. . 


trical properties. ; 
These experimental results seem to show that 


nn od 


oll veh se ‘ ’ 
b-Sr)TiO; is ferroelectric substance asin the. 


» 
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Nr (2). B.T. 


‘em thick) between thé upper and the middle, and 


with the predominance in the peak value 
mittivity at the lower Curie _ point. | For 
(8024 PbTiO;+7026 SrTiO,), the two — 


nately, we cannot make sure the’ 
of Curie point for pure PbTiO; by our 


4 zea a. San ee 
harsich sets iad - euits are made of the | 

Na iota ty ete yo er 

4 50. ‘ Peper s coincidence between the 
he eM CGP oro oe ae ae 
e ues _ middle and the lower 
a pie fe Cae e : 2 er - 

Rete Seats in order to restrict the 


o the applied field appear below the ; 


Pied ig Bee 
wig ae ig : Be eg SN Ae 
ole e clearly observed by the use of cathode — vi Name f CHEE NES 
spect Roa 4 ' ne Aa ‘ 
eee properties of the mentioned subst- 
“1 2 AOR a erie : 
. their specific heats and thermal ex- 
$ were also measured, showing anomalies - 
0 Curie points in a similar way to the case. 


sured by this amplifie 


(3) T.H.Van Santen and G.H.Jc 
"ESD. 1947), B88: 
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On Fast Neutron in Cosmic Rays. 


x 2, 


‘By Giichi Yoshii. — 
a eS (1, ee * . . 2ohwred 
Central Meteorological Observatory. = 


(Received May 23, 1950) 
To measure the number of fast neutrons in a 
cosmic rays, an arrangement as Figure 1. was — 
designed, consisting of. G.M: counter trays (upper _ 
row), a proportional counter (middle) and al 
counter (lower). The fast neutrons, which 
not cause discharge in the upper counters, will 
knock out protons in the thin paraffin layer a 


by counting these protons with the ‘proportional 
counter, we are able to measure the number of | 
,_~ fast neutrons indirectly. — 

5 Accordingly electric cir- 


e 
§ 


il wef 
SY Re eA yA 
30 et Ae .antico 
cm o aa» _ the upper and 
\ nt coincidence. 
auics A des 


a 
04 


Bh Wal Tans 


of ionmultiplication was about t ice, 
: gH Pir, 
counter voltage was raised by 100. 


stage one using pliotron (FP 5 as fi 

ensure high grid resistance and small 
and has the amplification factor -: 
pulses of about 5.10-4 to Perio 


uff the order 10-5 secs The efficiency. of the 


nticoincidence swith neon tubes 


in place of 
Rossi tubes is nearly 100% and in the condition 
_of our. poo its blocking effect was not 
more than 0.5%. a 
Now, the. oe neutrons will be regarded 
is almost equal: to the knocked out protons, ie 
they are ejected oly in the vertical on account 
_of the coincidence method. Then the upper ‘limit 
pot ‘the fast neuton energy is settled by dis- 
3  eriminating the “pulses amplified, and is about 
~ 100 MeV. The lower limit depends on the proton 


energy, penetrating the walls of both coincidence 
counters and is no less than 15MeV. Considering 
the ionisation losses of the protons in the paraffin 
~ layer, the energy range of the fast neutron ‘will 
‘have to be 20 MeV to 290 MeV in place of the 


above range. 
@ follows:: 1-2. \. 


Ni=2. 140. 04 éeauta/ir Ny=2. 5+0.4 counts/hr 
Ne 10.0+0.3 -counts/hr 


fiere N, is the counting: without pave tin: and 
‘shows the background counting ; Ny is the count- 
ing” with. paraffin, and shows, ‘the sum of the 
background and the fast, neutrons ; N; is the 
‘counting of only the coincidence counter, and 
3 ‘shows the sum of the backpround and the protons 
_ Accordingly N,— N= = 0.4+0.4 

_ counts/hr shows the counting of the fast 
. ‘neutrous, and Ni-M =7.9+0.3 -counts/hr = 1.4 
. ax 10=4 counts/ sec em?” steradian, shows the count- 


ine cosmic rays. 


But as, in the former, 


j ing of the protons@)(®. 
@ the efficiency. has to be taken account of, which 
& is. the product of ‘the cross section — between 
4 proton: and neutron, and the number of ‘the 
» protons in the paraffin layer, so it ‘is estimated - 
as pee counts/hr. ; eo 

. In conelusion, the number of the fast neu- 


7 “trons in these: energy ranges will. be not more 
than several times. that of the fast protons. 
_ However, owing to. the great number of the 


“ countings of background, we cannot deduce 


correctly the absolute value of fast neutrons and 
the relation between the protons and the 


ot Seaiinier and has” the resolving time 


The experimental results are as 


‘ 


_ the transformation may be expected. Such jump 


“The eRperinicne was made at the Meteoro- “a 
~ logical Research Institute. en ea 


H 
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_ On the Electrical Conductivity of ee. ‘ 
Magnetite. ie ae 

am By a a8 

Hiroshi WATANABE and Noboru Tsuya.” _ 
Research Institute for Iron, Steel and Oth nMetels, ei 
Tohoku University, Sendai.“ — 


tes: May 25, 1950) 


de 
tists®) to account for this transformation, Sal 
there remain some points to be criticized, eith 


Cf aR 


in parceion a of the aeasiauene data ey 


behavior will be found in that of a 
But it is difficult to find such breadth’ of. _trans- 


formation from the data’ on the electrical condu 


‘tivity.. “Farther, if the transformation is of the x 


first kind, inhomogeniety 3 


substance or by some other reasons, some type Ee: 


obscured by the 


of jump in the value of electrical conduetivity ¢ at 


aM 
has been found only in one of Verwey’ 30), data 2 


and not.in others. (2) Previous theories, whether’ ; 
they are based on the localized electron model or im 


the itinerant electron picture, have interpreted — 


‘the change of magnetization at the transformation 


temperature to be that of the spontaneous | a 


n high magnetic fields, it must be an eae Re 
eonelusion from this standpoint that the trans- 
Ke: ormation itself vanishes with such field. If it 


sony 


. true, the conductivity curve in high fields 


tivity with the applied magnetic field— 
n ing to several thousands percent—would 


shape is also ‘shown. in the p figure 
_ . found it diffieult to obtain or data 


: s. -6.2 

Als : Sar 

Magnetic Transformafian ee ZR -04 

ee any ee 

ae 

4 = = | 06 

3 te 
& -agt 

gle Crystal of Magnatite from Reece “As. can be seen from. the 
K mi aishi, Iwate Prefecture. oe formation: begins at aes C 


“ 


57 
a 
Po 


atk 


“Magnetic Transformation 


Ran ge \ en 
é re ments on armen 


7 8 Pte WW x03 
Vr - ee : 


‘Single Grysted of Magnetite from ser 
Negeseic Prefecture. 
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B Long Beaded Ooh ers foe Face 
ie _ Measurements. . 


aut Ttaru Nonaka and Zitauo Sea: 


3 Matsuda. Research Laboratory, Tokyo Shibaura 
practi 3 = ae on Electric Co. ee 
Se ea. "(Received “May vA 1950). 


= Recently Geiger Maller counters are fre- 
a The “most éfficient nets is to use a 
Jong counter Jetting. the X-rays to pass through 
in the axial direction. 


a vihich is. 20 cm in ength and: contains 150 mm 


ig of argon and 15 mm Hg of C,H,OH vapour 
has a quantum efficiency of 56 per cent for CuKa 


dine a. 544). In such a counter, however,. the 


der -of_10=4 sec.) of the counter become consid- 
erable when slightly intense X-rays” are me- 


: pt several glass beads on its central wire. “tags 


pare a: 1. Phys. 12 x 


_ adischarge can be counted so long as it is creat- 


s above two counters g eouee ey ely: 


For example, a counter. 


counting losses due to the dead time (of-the or- - 


‘In such a beaded counter the discharge along: 
the central wire can not spread beyond the. 
beads@) and is constricted within the section 
between two adjacent beads. Therefore, a ee 
ondary electron created even within rt seconds. 


‘ (dead time) after the preceding one has oroanea = 


ed in any section other than that of the preceed- ig 
ing electron. A rough consideration indicates 
_ that the counting losses of a beaded counter of 


m sections are 1/n of those of a non-beaded « ‘one. 


the number of sections is five. The filing gas i is 
a mixture of argon at 152 mm Hg and C, .H,OH 


vapour at 15 mm Hp. We also contructed 
couuter of the same dimensions as above but has 
no glass beads, and compared the counting losse a 
The method of the 


asurements is’as follows; the absorption by 


4 


of these two counters. me: ‘ 


4 = Sint Dea: 
mica sheets of a CuKa,; X-ray beam monochro 


.matised by. a calcite crystal is measured by the i 


counting losses we obtained the dead time ‘ 
On the other 
hand, in the case of the beaded counter the point 


the counter to be 1.2x10-* sec. 


_ of 60000/min. lies strictly on the straight line “ke 


indicating no obvious counting losses are present. 
We used a scale of 64 circuit for recording the 
counter palses. and it saturated at a counting — 
rate of about. 75000/min., so we could not measure — 
at: higher counting rates than about 60000/min.. 

In addition, the absorption coefficient of mica 


‘ the line joining the | cent 


two spheres. Thus: Bish: 


% obtained the expressions for the 


; pressure distributions 


tant forces acting © on ‘them. i 
In view. of the fact that 


» 
| Number of mica ane (10-8 mg/cm) 


' Fig. 2. 


al ark) ‘wassobtained to be A= _ 44.9 


f, 
bf 


59 (1941), 765. 
: Phys. Rey: 44 (sn, 146. 


vs 


By, Isao Imat. : 


rtment of Phipsics, Faculty of Seance, 
<4 University of pie 


_ (Received June 9, 1960), 


o. Sneddon and Fulton [3] have a 


"They have obtained a closed expres- 


> term of slementary functions, for the 


é 


_ by the equation “ey 


by with: ite centre at ae 
ik 


. 


; - Legendre’s ‘funetions), 
ies Se Fulton’s result, would 
“However, it, seems to. 


ve 


very. remarkable. 
present writer that there are onfortunat 


ae | 


“some misunderstandings i in their applicatio 
‘the Weiss. formula. aR ONS 


" The Weiss formula reads as, ws 


fluid, ‘characterized by a os 


ili 


. 


74 ud ts 
then hes input potential 6! of the disturbed 


: is: Siver by the expression A 


233 eM 


tering of: the original p potentia Fics 


_and rs 


ee a aoe flow of veloc 


s the unperturbed potential and caltulate the 


pi turbation potential ¢, by means of (2). Since 
velocity potential for a unifoam flow past a 
(a, B, 1), it might at. first sight appear that their 
analysis would lead to a-correct result. But 


really, the Weiss formula is only applicable . to 


_ only by the introduction of the sphere r= a. 


ee ‘Thus the sphere B should not be regarded as the 


es 


boundary of the flow field. In fact, (3') is. the 
. velocity potential for the uniform flow in the 


" presence of a doublet at Gas 8,7), and so the 


result of application of the Weiss formula gives 
only the flow. past | a sphere 7 =a in the pre- 


sence of a doublet at («, 2, (OF 
B will no longer be along stream lines. 


clearly be seen , in the figures in Sneddon- and 


‘a 


Fulton’s paper, showing. pressure ‘distributions 


k on the sphere A, for the ‘special ease in which 
d the line of centres of the two spheres is parallel 
: “to the ‘undisturbed flow. Thus a strange fact is 
- observed that when the two ‘spheres are situated 
_ very near. to each other stagnation and then 
“reversal of flow direction take place on the 


_ surface of the sphere: Such a flow pattern, 


_ two spheres, 'ean be readily understood for flow 


"past a sphere in the presence of a- doublet at @ 
~ small distance behind it. 

; Thus, Sneddon afid Fulton’s result does not 
"present a correct answer to the problem of Bare 
paepheres: . ‘However, it may be expected to give 

i some useful informations on the. interaction of 

. a sphere and a ‘nearly spherical body placed in 

j al uniform flow. In particular, if the two bodies 
are not too close to each other, their solution 


‘may be regarded as a go0d approxithation to the 


flow past two spheres. Indeed, the shape of 


3s second body i is pexpesied to become aneeshsing: 


i _py +e—nys a 


one as. given “by (3), is nothing other than the ~ 


single sphere (B). of radius b with centre at 


an infinite flow region which is to be disturbed ~ 


Hence, the sphere. 
gitudinal section of this apparatus. 


The above-mentioned situation may most » 


which would be quite inconceivable for flow past 


direction. 


ing condition and the dispersion formula. - 
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On the Peiect Velocity Focusing Mass 
Eee ttontap “ong 


By Mitsuo SAKAI. 


(Received June 16, 1950). 


_ Recently the present author perfumed seyer- 


al pioliannary. Sue ne. on a new type of rie 


The ae ire 
produced at one end of the axis of the Sines 


grid. 


hive “field which is applied nominal to ne firs : 
Thereafter they. fly the equipotential . 
space ‘and at last reach the receiver. ‘In the 
space of the separation, there is uniform mag- ' 
netic field which is excited by magnet coils and 
the direction of this field is parallel to the second. 
electric field, that is,” to the axial direction. i 
By the simple consideration for the trajectory, ee 


: 
4 


we obtain the following equations as the converg- _ ‘y 


286 = Short Notes. * Ss. tt bade. <2 


(hitb) QmVy 
oe H = 2s {es (1) 


dl, TS on V2 
dm  H oe Ome oe Ce (2) 


From the above equations and the configuration 
- of this apparatus we conclude the following point 
as merits of this spectrograph. 
LS “(ly The converging condition does not ‘con- 
tain V;. Therefore the initial velocity of ions 
‘has no effect on the resolving power, so that we 


Fig. 2 


may say that this spectrograph has the property 
a of the perfect velocity focusing. This is a very 


i 


profitable characteristic and we ean reduce con=_ 
siderably the accelerating voltage. 

(2) The dispersion is z times as large as th 
ordinary semicircular spectrograph. 

(3) As the source has an axial ayinmetrya : 
the apparatus has a very high luminosity. 
In the apparatus used for the preliminary _ 
test, radius was 5 em, k, 6.8cm, l,,17em. The 
electron mass spectrum by thermoelectrons is 
shown in Fig. 2 and the deviation of the position _ 
at the peak point by accelerating voltage, Vi, is_ 
plotted in Fig. 3, The small deviation in Fig. 3_ 


Vi, =370 Volts 


0 we 
Fig. 8. 


V, invorts!°? 


ee ee ed ny eee ee 


is probably accounted for the non-uniformity of 
the magnetic field. The spectrum has 1.82% as 
the resolving power at half maximum. If we 
use, an apparatus more accurately constructed, — 


this resolving power might be increased consider- 
ably. 


On Some Properties « of the CuMa’ “Alloy System. 


ast 


; By. Takao Saro. 


| Faculty of Engineering, University of yusho 


(Received Dee. 13, 1949) 


Introduction. 


-Feussner-Lindeck® found that the temper- extends Pe awe sree erent, 


ature: coefficient of the electrical resistance of 20 study ware ee Pun: coefficient 


ae Cu-Mn alloy system pécomes negative when 
the « content of manganese is more than about 10 
atomic percent. Generally speaking, it is the 
“common sense ‘that the. electrical, resistance of. 
metals and alloys i increases with rising tempera- & 
: is provenrs “i : le 
ture and it is not understood easily that the ele- : ; 
trical resistance decreases with rising AE eee 


Se EU eres: : wee The Msweddem eae: ae the 


ance oe its Results. 
"Many fesearches(): on the: temperature vari- 


ation of. the, electrical resistance of the Cu-Mn 


system were done. with the practical interest, 


but apart. from the practical points. the electrical 
roperties. for all ‘concentrations: of the Cu-Mn ale 
system were. ‘investigated by Grube, Oestreichen 
nd. Winkler. a ‘They ‘intended to have the ‘dias 
gram, but did. noe discuss why the _temperature 


coefficient of the resistance any ape ‘Cu-Mn alloy 
ie : A x ; : percent of manganese are e shown in F S 


becomes negative. 


Further, there i isa , problem whether asuper- the: ratio io RIR, where Ry is eae resistane 
lattice is present or not. - Valentiner-Becker( -- temperature. 


; studied the. relation between the magnetic sus: fA By comparing the present results w 


ceptibility and the manganese concentration of the ss of Grube, Oestreichen and Winkler t 
Cu-Mn- alloy, and found that. the magnetic sus- dian hatha behaviors at the high: e 
ceptibility becomes: very large i in the neighborhood as “region are widely different. Namel 


4 J 
At ic percent. magnanese atlow tem- results, for example, the resultance | has 


peratures. and considered that this anomalous ‘ constant. up to the high temperature 


phenomena: are due to the superlattice of the ‘in the case of 10%. Mn and the ter p 
composition Cu;Mn. ‘Recently, Ellsworth-Blake® coefficient of the resistance is negativ 
reported that their results of x-ray analysis were 300°C in the case of 20 % Mia : th re 
not gonsistent, with the equilibrium diagram and results, however, the temperature coeffici 
the superlattice might be present i in Cu-Mn alloys a eke ¥ ceictanve thiises ron) neeatve fe es 
= oer did not. succeed to photograph the at. about 500-600°C. “Furthermore, ‘the 


ee ; See _ found the ‘unexpectedly large change of the fe: 
The writer has studied ‘mainly tie peak sistance at about 850° C while they made the: me- 
e lependeney of the electrical resistance sfor.>- asurements till 800°C for the concentration oe: 


% 


percent manganese. One graduation of the 
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interesting and the temperature coefficients of © 
this region have the small negative or positive 
7 
aaa 
‘ 


value. 


aAl~A 


200 400 600 £00 - 
Temperature °C 


Fig. 1-1. The resistance vs. tempera- 
ture curyes for 10,,15, 20, ‘and 25 atomic 


pe ‘ordinate is 0.01. : 200 400 609 re 
i ' : ; . Temperature °C 


: 
; 
j 
j 
: 
t 
: 
Fig. 1-3. The resistance vs. tempera- - 
ture curves for 60 and 70 atomic percent _ 
manganese. One graduation of the ordinate : 
is 0.01 for 602 Mn while that is 0.02 for i 
70 % Mn. 4 


The values of the resistance increase with 
manganese content and the maximum point of 


i) 
i=) 
t=) 


Temperature T 


200 "400. 600 B00 
Temperature °C 
Fig. 1-2. The resistance vs. tempera- 


ture curues for 30, 35, 40, and 50 atomic 
_ percent manganese. One graduation of the 


ordinate is 0.01. . 20 4 60 80 “J 
: Mn % ane 
go the 70 7% Mn. Especially, we found the drastic Fig..2. Change of the temperature — 7 
ts change of the resistance, which seems to corres- . Coefficient of the resistance with manganese ie | 
ay pond to the first order phase change for 25-60 % concentration. Region I: the positive tem- 4 | 


perature coefficient, region II : the negative — . 
| temperature coefficient, region III: the 
resistance in the region of about, 500-600°C is positive or negative temperature coefficient. 


ce Mn,’ Stillmore, the temperature variation of the 


) } ; alae 


ee with manganese content. 


on the xray analysis, but this temperature cor- 
_ responds to the change a--a Mn - ce = 4-7 Mn in the 


eon ot Ashihara) which , was determined we 


a from the above mentioned results. 


t 
y 


the Cu Alloy. of. 25 Atomic. Pecent 
“Manganese. ie heptad ard Seca 


Hore general characteristics of Cu-Mn alloys. 


ee largely affected by a small oxidization. 


0 yxygen, the black oxide of 


the surface of the alloy by. remarkable selective 
oxidization, and the layer of clean copper remains 
between the oxide ayer and the ground, alloy. 
} is considered that. this layer’ of. copper affects 


‘And, owing to further oxidization the: region of the 


disappear as shown in ‘the curve e of Fig. Bien 


In this way, the electrical properties of the 


‘alloy i is affeeted by the positive temperature coef- 


ficient ‘of the resi sistanee of eppnet layer on the. 


: There is no the first order phase. change at 
about: 850° Cc in the diagrams of Persson and | 
Grube-Oestreichen-Winkler which were based 


‘we have § some ‘eonelusions for ‘the Ginerana only 
8? 34" the Behavice of rhe Reustahies of 


ee Since Valentiner-Becker suggested # that there 
exists the superlattice alloy Cu,Mn, t the. writer sh 
“measured the electrical resistance for the speci : 
‘men of 25 Yo Mn in several external conditions. 
‘The results obtained for. this alloy” seems to not 


‘The remarkable fact. ‘for this alloy is that | 
‘ the value of ‘the resistance, its temperature coef- 
ficient and ‘the: maximum “point of RIRy curve 


AS manganese has. a large affinity _ with : aE i 


anganese grows on 


3 “the resistance ‘of the alloy considerably. , When 
the alloy. is “oxdized, the specified temperature, ne. 
Ww he temperature coefficient .of the resist- oe 
& ance changes! from positive to negative, decreases. me 


negative temperature csefficient of the resistance _ 


copper from tie specimen, whose tem- 


Ae NY perature coefficient becomes positive t the consider- 


oe In te 3; the curve @ is. the norma 


Fig. Bo! 
curve on heating : for ‘the alloy of. 25 ee 
percent manganese. Curyea: normal 
ing curve. Curve 6: tee sana ch- 


Leaaienie coefficient euch Hence; Se 


ficient disapeared ue oxidization, was quenched, 
the negative temperature coefficient has come to f 


-. appear i. e. when the specimen used for the curve: 


yt 
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¢ was quenched from the high temperature of 
700°C we obtained the curve d. 


§4.. The, Thermal Analysis and the 
Measurement of the Thermoelectric 
Power. 

From the temperature dependency of the 


resistance for alloys of several contents of man- 


' ganese obtained here, it seems difficult to expect 


the presence of the superlattice, but further the 
differential thermal analysis and the measure- 


‘ment of the thermoelectric power for the alloy 


- 2596 Mn were made. 


The specimen for the thermal analysis is 


- 10mm in diameter and 25mm in length and 


: copper is used as the neutral substance. 


The 


_ differential thermocouple used is a Pt-PtRh 


thermocouple. 


The result is shown in Fig. 4 (a). 


The latent heat corresponding to the first order 
"phase change clearly appear at about 850°C as 
expected from the temperature dependency of 
- the resistance in Fig. 1-1. 


200 400 600 #00 
Temperature °C 


Fig. 4. (a) Result of the differemental 
thermal analysis for the 2526 Mn falloy. 
The ordinate is the deflection of galvano- 

' meter. (b) Temperature variation of the 
thermoelectric power of the 852 Mn alloy 

- coupled with platinum. fos 


“the thermal analysis, as mentioned above. 


vol 6 


The method of the measurement of the” 
thermoelectric power in the same as used in the © 
previous investigation of order-disorder wean 
formation(*). The result obtained here ‘is shown: — 
in Fig. 4(b). The sign of the thermoelectric power ~ 
coupled with platinum is positive. There are — 
peaks at about 40°, 650°, and 850°C. 

The peak at about 40°C corresponds to the — 
temperature in which the temperature coefficient 
of the resistance changes from positive to ne- ~ 
gative and the peak at about 650°C to the tem- © 
perature coefficient of the resistance changes: 
from negative to positive. Furthermore, the 
remarkable decrease at about 850°C: is due. to 
the first order phase change which is clearly 
found in the measurements of the resistance and 


Sean eae 


es Pe ee Le 
” ; 


§ 5. Consideration for the Problem 
Whether the Superlattice is Present © 
or Not. Seca 4 
Valentiner-Becker and Ellsworth-Blake sug- 4 
gest that there is the superlattice alloy in the 


Cu-Mn system. However, -from their experi- 
mental results, we may not agree with the con- 
clusion that the superlattice alloy exists. Name~_ 
ly, a superlattice line in the x-ray analysis, 
which is the direct confirmation of a superlattice, 
has not been found and any characterstic vari- 
ations for a superlattice have not been found ? 
by powerful indirect method, electrical and ther- © 
mal, also, 

Though there is no direct confirmation by 
x-ray, according to an indirect method such as. 
thermal, and magnetic, the Ni;Mn alloy has. 
been considered as a superlattice alloy. Further- i 
more, for the research of the superlattice, there ~ 
are some cases that a direct confirmation by — 
x-ray appeared latter than an indirect method. — 
in our past experience. Consequently, it will @ 
be overhasty that we conclude, that there is To x 
superlattice, only by the fact that the super- 
lattice line is not found. However, the writer 
considers that it will be powerful that aye 
characteristic’ features of order-disorder trans- 
formation are not found in an indirect method a 
such as electric and thermal. | 


teristic electronic i eae this baee will be 


understood. As the magnetic properties have the 


‘of. the alloy, it seems unnecessary to consider 


that ‘the above anomaly of the magnetic ae 
_ eeptibility is due to the creation of. the super: 
lattice. . says = i 


manganese alloys beeome ferromagnetic. It is 
sure that the atom primarily responsible for this 
"magnetism, for example, of the Heusler alloy, 


fl 


manganese. eR ipa ar Nei sents AA 


- The state aude at the Fermi Mnieace of 


the 3d shell and the magnitude of the exchange 


energy between the eleetrons | belonging to 3d_ 


, shell, influence the condition of. ferromagnetism. 


‘This exchange energy is considerably sensitive to 


the ‘interatomic distance. The writer conceives 


that in ‘the Cu;Mn- alloy, the “exchange energy 


does not ‘satisfy the condition of ferromagnetism, , 


‘a though the state density of 3d band satisfies it. 


| However, the Heusler alloy CuMnal, which is 


3 in sii CusMn : alloy, becomes frromagnetice statis- 
fing: the ‘condition of the exchange energy also. 
So. far the Cu;Al. alloy. have been considered as 


the. ‘mother alloy of the ‘Heusler alloy, but it 
_-seems rather natural that the Cu;Mn alloy might 


: 


" gne ic : property. 


62 Pe iasmuise we the Negative 


i ‘sistance woe gia . : 
oe : ‘There are “alloys “whieh have’ the negative 
“temperature coefficient of the resistance, but it 
“should be. noted that these alloy have one or 
two. transition mete. as their constituents. It 
jis. well known that. the transition metais have 
the incomplete d-shell. and - their ‘physical pro- 
erties 2 are more come than other metals. 


‘intimate conneetion with the electronic structure | 


Ae is the ‘remarkable’ eet that. pet Be 


which has the composition such as Cu,MnAl, is 


behaviors of the Ss cleteont but there 


the negative temperature coefficient - 


ethan): whose ‘temperature coefficient 
be considered as the mother r alloy from its ma- 


alloys. The resistance of an- ‘alloy is 


Temperature Coefficient of the Re- ‘ 


2) where J, is the ‘degeneray fonerataee for hee 


hese facts ‘shows that the Siena pronee 
of this alloy depend on the’ delicate’ ele 


n the ‘ 


Generally, the electrical: properties of 
transition metals is determined mainly 


\ 


sible. — 


resistance is negative. It is considered 


above mentioned effect is predominate i i 


of two part, i.e. R=R+Rr where th 
tance R, is due to the disorder and the el 
perature 7 given by 


const. ri-$ ie )] 


d-band. This formula gives a good approxima- 


‘tion if 7 is small compared with Ty. © "a 
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In the alloy of 25% Mn, for example, if we 
assume roughly that the temperature dependency 
will be given by formula (1); we obtain about 
J, ~1000°K from the maximum point in the 
curve a in Fig.'8. Namely, the ‘state density of 
the Fermi surface decrease very fast with in- 
creasing energy in the range of kT=0.1 ~ 0.05 eV 
(& = Boltzmann’s const,). 


As shown in 'the curve 6 of Fig. 3, the re- 
iy sistance and the negative temperature coefficient 
are larger than the normal specimen (curve a). This 

| fact is explained as follows: the breath of 3d band 
_ of quenched state will be narrower than an un- 
a quenched state, and hence the state density off} 
a the quenched state i. e. its resistance will be- 
come large. Furthermore, the state density near 
the Fermi surface in the quenched state decrease 
- faster than the unquenched state with increasing 
: - temperature. 
coefficient of the quenched: specimen becomes 
Though 
Cu alloys containing about 10~ 60% Mn have 


: larger ‘than. the unquenched specimen. 
te the negative coefficient, as shown in Fig. 2, the 
; “maximum point at the low temperature is dis- 

| placed toward higher temperature side with in- 
creasing eoncentration of manganese.: This fact 
“means that ithe empty space of the 8d-band, 
where the state density near the Fermi surface 
is nearly constant, increases with manganese 
In the alloy of 7026 Mn, it will be © 
‘ considered that the negative temperature coef- 


content. 


| ficient of the resistance does not appear at the 
_temperature, where the state density near the 
Fermi surface decrease with increasing energy, 


owing to some ‘thermal effects. 


‘There are several alloys having the negative 
‘temperature coefficient of the resistance without 


4 


“including transition metals. These alloys almost 


us 
+h 
‘S 
ie 
Bs 


bot 
ry 


Takao SATO. 


Hence, the negative temperature — 


(9). S. Kaya-A. Kussmann : 


“(Vol 


have. not metallic characteristic such. as the 


plastic properties or the good conductor . of ele- 
etricity.. For example, there are some alloys of 


bismuth@') and the intermetallic: compounds. 


PSR eae RG 


These are the intermediate materials between — 


metals and semi-conductors. 


The writer is indebted to Prof. A. Okazaki — 
for his valuable discussions and to Prof. K. Omori ; 
for his kind encouragement and continued inter- — 


est. 
frayed from the Scientific Research Expenditure 
of the Educational Ministry. 


\ 


References. 


(1). K. F. Feussner-St. Lindeck: Wiss. Abh. 
d. phys. Techn. Reichsanstalt 2.1895) 501. 
(2) K. F. Feussner-St. Lindeck: Wiss, Abh. 
d. phys. Techn. Reichsanstalt 2 (1895) 601. 

E. F. Bash: Trans. Amer. Inst. Min. Met. 
Eng. 11 (1921) 261. 

M. A. Hunter-J. W. Bacon: 
Electrochemical Soc. 36 (1919) 323. 


S. Kimura-Z. Isawa: Researches Electrotech. 


Lab. 103 (1921). 

- S. Kimura-Z. Isawa : 

tech. Lab. 103 (1922). 
(3) G. Grube-E. Oestreichen-O. Wisites: 

Elektrochemie 45 (1939) 776. 
(4) S. Valentiner-G. Becker : 
(1933) 735. 

L. D. Ellsworth-F. C. Blake : 
15 (1944) 507. 
(6) E. Persson : 
(7) TT. Ishihara: 

- 19,1980) 499. 
(8) T. Sato: J. Phys. Soc, Japan. 3 (1948) 198. 


Researches Electro- 
Z. f. 
Z. f. Phys. 80. 
(5) rs Appl. Phys. 


Z. Phys. Chem. (B) 9 (1930) 25. 


292. - 
S. Kaya-M. Nakayama: 
Soc. Japan 22 (1940) 126. 


M. Thompson : 
217. 


111. 


The expense of this research has been de- — 


Trans. Amer. 


PBT REE PANGS MiP in 2 et he SBN TNS thie OG te, 


ee ens 


ns BEDS IT 


_— 


Tohoku Imp. Univ. Sci. Rept. ~ 


Z. f. Phys. 72 (1931) 
Proc. Phys.-Math. q 
Proc. Phys. Soe. 52 (1940) 


- (10) N.F. Mott: Proc. Roy. Soc. 153 (1936) 699. 
(11) N.T. Thompson: Proce. Roy. Soc. 155 ee j 


ee Epgeoubied a final equilibria value. 


: effect. 


: ae tis " Alt : : } i } i 
§ 1. | Specimen. and as ee of 
"Observation. poy 


ss 


ni 


| Specimens used were rods of cold- ee Cre 
Beeralicy. (Fe-10%6, Ni-86%, Cr-4%), and a single 
‘erystal of ‘“Magnetite_ (semi- conductor). a The: 


dimensions of these specimens are given in the 


following table. a 


Tenet (mim) 


a “Specimen ay - Section (mm) 


i! Cr-permalloy | ‘-, 28. | ~=-2 (diameter) 
Magnetite 15 cee. 2x2 


“The ‘specimen was inserted inside a search coil | 


of 10000 turns, . the length of which is 25 mm. 
es  Electromotive foree’ induced in the search coil 


by. the change. of magnetization of the specimen 


: graphic films of an ‘electromagnetic oscillograph 
connected to’ the amplifier (natural frequency of 

_ the vibrater used is. about 6,000 cycles). 
| the’ ‘specimen was first magnetized to saturation 
7 and then by. suddenly changing the applied 
: magnetic field, the magnonsation Co) the oe 


2) a a BL: oo a 


3) The i edort srr the ipeconrch Iustitute for Iron, Steel 
and Other Metals, Tohoku University, A part of the fund for 
his investigation is due to the Grants-in-Aid of Fundamental 
Scientific ‘Researches ‘of “the. Ministry of Education. for 1949. 


domain poundaries in a ferromagnetic substance Bon 


By Takasi Huzimura, 


‘The Research instars for Iron, Steel and Other Metals, Tohoku University 


_ (Read April, 1949; Received Dee. 13, 1949) 


: CEE 


Hevet small changes of waunehealtan follo 
fter the pours of eee field i is ny completed. This phenomenon, is navn: as miata’ 


Pa sieining’ Erneta after-effect, ke gradual changes of magnetization are discussed, "ut 
vet clear whether this sabe is really continuous or not. 


was ‘magnified by an amplifier of the resistance te 


| coupling type and recorded on. ‘moving photo- 


Now, cae 


~dtem # Doss is The: -experiment on the displacement ef ‘ 


ae 


aie Breseat weiter: mas det 


which canted for more taba 20 acct Sa 


respectively of the magnetizing e 
decaying period is” given by 2L/R, 
the present. case of L=0.1 henry, R= =80 


eh and its effect is thus. out of. ‘the 


from the instant at which the inten 


magnetic field was renaneee. a ehnag 28 an 


§ 22 ‘Experimental Results. 


magnetized to saturation and subsequently, by 


**) If a Shad tube oscillograph is used in place. of an y? 
_ electromagnetic one, Barkhausen jumps are oPeceveg inters — 
mittently during. 20 seconds. Pisco tck 


‘ber of Barkhausen Jumps So: 


Nun 
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sudden decreasing of the applied magnetic field 
its magnetization was brought to a point J; on 
the descending branch of the hysteresis curve. 


This caused many Barkhausen jumps to be 


obsérved intermittently. on the oscillogram after 
the change of magnetic field had been quite 
completed.*) The number of Barkhausen jumps 
that occurred during each time interval of 0.1 
sec. after 0.2 sec. from the instant at which the 


magnetic field changed, was counted on the 


_oscillograms and plotted against the lapse of 


time. The result is given in curve a in Fig. 1 


for J,=—110 gauss. As is shown, the number of 


~ Barkhausen jumps occurring each time interval 


(0.1 sec.) decreased continuously with the lapse 
of time and after 0.6 sec. the*number reached 


half the initial value. The Barkhausen jumps, 


however, can be observed intermittently even 
beyond the lapse of 20 sec. from the change of 
the external magnetic field. 


- 


PS et HID De PE eee 
‘3 Oa 05 1.0 15 
ine": Lapse of Time (Sec) 
te Fig, 1. 


‘jumps in the course of magnetic after- 
ae for a Cr-permalloy. 


Distribution curves of Barkhausen _ 


I; | is iy 
(a) I; 500 —110 
BD) L.5 500 10110 
(c) I; 500 —70  —110 


Next, the magnetization of this specimen was 


first poet to an n itermediate stage of Ree 


*) Barkhausen jumps in the course of after-effect may: 
also be observed when both specimen and the search coil are 
pulled out of the solenoid, in which a stationary electric 
current is passing. 


~ (Vol. 
zation In by changing the magnetic field, an 
after one or two.seconds brought to a final stage | 
of magnetization J}, whereafter the occurrence 
of Barkhausen impulses in the course of after- 
effect was observed. The results are given in 
curves b and c in Fig. 1, wherein J,=10 ¢., = 
—110g. for b, and f,,=—70 ¢., f=—110 g. for c. 
As can be seen from the figure, the three 
distribution curves a, b and c do not differ in 
form from each other, from which it will be 
concluded that if the initial and final stages of 


’ magnetization, Z; and J, are not altered, condi- 


tion of magnetization in the intermediate stages 
Im do not have any influence on the distribution 
of the occurrence of Bar khausen jumps in the 
course of after-effect. 

In the next experiment, the occurrence of 
Barkhausen jumps after the sudden change of 
the magnetizing field was observed at different 
stages of magnetization on the descending branch 
of hysteresis curve: The specimen (Cr-permalloy) 
was first magnetized to saturation, then im- 


' mediately brought to the various points on the) 


Num ber of Barkhausen Jumps 


descending branch of hysteresis curve. In Fig. 2, 
3 
i 
: 
; 
| 
Fig. 2. Number of Barkhausen jarps that 
occurred in the course of magnetic after- 
effect and the hysteresis curve measured - 
at 15°C. a - } 
the \total number of Barkhausen jumps that 
occurred in a interval ranging from 0.8 sec. to 
1.3 sec. after. the change of external: field are 
plotted against various final ae of macho 


Fe 


of the sifted curve. | However, there exact form 


of this hysteresis curve ‘can not be determined, 


ince the demagnetizing factor N of the specimen Ab, 
As very large (N=0. 14), and the form of the 
aa specimen —is a little: different from ‘the true - 
ellipsoid. “of rotation. Consequently, the precise ie 


€ oincidence of the maximum point with the point i 


\ 


: Number of Barkhausen Jum Ps 


of the steepest, inclination of the hysteresis curve 


could not be conclusively decided by the: present 
experiment. nae Reeth wages 


1 


Similar observations: “were “carried ‘out gee 


Sate and 90°C. 
100° om and the results are shown i in Fig. 3 (100° C OR Ue Rrra KO: a ae i 
and 1 15° 5° 0) and 45° Cc ae —199° ©). as is s shown, ia 


-various. ‘temperatures ranging _ from 190", Cc to 


Fig. 3. Ngmber of pairkeeet jumps aie Mae ate 
the. szstenesis curves measured at. Lot Gs Oe ae 


Fig. 5. Distribution curve of ae 
jumps in: ay course of magnetic after 
effect for 4 Magnetite. 


nents it Syeda ne a certain time it 
_ for the boundary to pass through that region. 
the value of H, for the boundary diminishes aft 
passing the said region, the boundary would dis- 4 
place suddenly after passing the same region, a nd | 
‘the said local magnetic field is not | on the occasion, Barkhausen jumps may ‘occur a : 
| factor in the retardation of the will be seen in Fig. 6. cess these retard a. 


: Process of Hep ih 


Fig. 6. Guth to the wena value, HBS i 
a magnetic domain boundary moves — 
TAM rk silt a and then displaces suddenly. a 


Pa wh 
Pry ewe ee wy eee 


_Barkhausen jumps would be observed ey even n aft 
the: change of magnetization has been 

oF “Such Barkhausen jumps can be seen in the ‘e 
discontinuous | changes of magnetization — in 
or of _magnetic pe ee 


\ fel of the process. Consequently, 
ih an ‘conclude thar, the: ‘occurrence 


Vitti its. magnetization ay as > area 7 


eh 


silacake as described vite 


“the bps 


and eae maximum value of magnetic afte > 
will be observed mainly i in the range of dis 
ending aan of. Byatereuic curve. ‘The _ ous magnetization (steep part of hysteresis cu ve), 
_ of the. hysteresis curve does not change ~ which agree with the results of the pre 
eb neue variations in _ temperature and 


essential factor in magnetic after-effect. 
urse of after-effect are. little dependence Giitkes more, according to Preisach’s s opinion, the 


at of A, phane with thermal fl tua 


: Parinauen jumps in the course of magnet 


wement of magnetic domain “boundary is 
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On Velocity Fluctuations in the Laminar Boundary Layer, I. : 


By ti baka SHIGEMITSU. 


| Railway Technical Research Institute. 


(Read Oct. 15, 1948; Received Dec. 24, 1949) 


Summary of Part? I—II. 


- ~ This paper deals with experimental studies of the velocity fluctuations i in pant laminar — 
i oundary layer near a plate | in a wind tunnel flow. In Part I, the general aspects of. 2 


. . 


Relationship between dLcmiinas Boundary Layer Oscillations sate 
and Transition. im 


L. Dryden had ‘previously pointed out th 
characteristic “laminar ‘boundary > layer ‘oscil 1 
lations” near a plate in‘a wird tunnel flow, 
Then he and his colleagues® proceeded 
‘measurements on the Tollmien-Schichting wave 
in the boundary layer by the method of “forced”? 
oscillation using a wind tunnel with very low 
turbulence and got many fruitful experiment 
; sresults. on the theory of stability. proposed : 
W. Heisenberg and others. On the ‘other ha 
cal cases of the oe epee concerning the above: “free” oscillations 
few examples in which the above in the flow with a moderate degree of t 
Y can: “completely be adapted in. its raha) We have heard few more detailed i inve 
Then, from the practical ‘point of Thus for ‘the purpose of surveying 
s pntconeny, to. investigate t the as i) aspecs of the real state of the laminar : 
fe layer, we-made further experiments | on 
our recent equipments | for ‘measurit oe 
fluctuations and will Propose s 
> shri bas and shies discussions. 


x 


ince tha’ Reynolds’ “experiment on transi- 
in a ea) Spe there have been presented 
elliptic wind, tun oO 
s laboratory. ’ The plate used i in 


made of polished» mahogan i, 


uy etx 


1950) 


plates or an interference plate, as shown in Fig. 
1. All the measurements were made with a hot- 
wire anemometer whose wire was made of nickel 
of 0,010mm in diameter and 3mm long. As the 
investigation of velocity fluctuation in this part 
of the paper, we measured w/-fluctuation by the 
“constant resistance method’’. () 


Fig. 1. Schematic diagram of the equip- 
ments of adjusting the pressure gradient. 
A: dp/dx<0. B. dp/dx>0. 


The measurements were made in_ three 
states of flow of the pressure distribution along 
the plate. They are shown in Fig. 2, by the 
curves of the velocity distribution of the main 
flow along the plate. The turbulence in the flow 
is supposed to be caused mainly by the rectify- 

hee 


ee Petes a 


oe 
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ing screen lying 2,0m ahead of the plate and its 
percentage is about 0,45 at a mean speed of 
14,3m/s along the plate. In the above three 
states of flow, any conspicuous difference could 
not be found in the distribution of the intensity 


of turbulence in the main flow. 


a et 
055 = 


20 40 60 X (em) Bo 


Fig. 2. Distributions of the mean speed 
along the plate. The suffix O designates 
the main flow outside the layer. 


§ 3. General Aspects of the Laminar 

Boundary Layer Oscillations. 

It has previously been pointed out, that when 
the turbulence in the main flow is not so small, 
there exist large velocity fluctuations of very 
low frequency in the laminar boundary layer. 
In our measurements, we could also find these 
‘‘boundary layer oscillations’. As an example, 


we show in Fig. 3, the distribution of its intensity 
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Fig. 3. State of the ‘laminar boundary layer oscillations’ along the plate 
(dp/dx = 0) at the position of x= 35cm. %, and w,’ are the mean and fluctuational 
velocity outside the layer. Numbers on the figure are the corresponding points of 
measurement. O—mean velocity. @-—fluctuational velocity. Each timing mark is 
1/100 sec. Chain line is the distribution of w’-correlation coefficient (Ru). 
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Fig. 6. General view of the velocity fluctuations in the transition region along 
the plate (dp/dz = 0) at a point of «=49cem. Symbols and numbers in the figure 
have the same meaning as in Fig. 5. 


Fig. 7. State of flow near the separation point in the case of dildaso. Symbols 
and numbers i in the ‘figure haveithe same meaning as in Fig. 5. 2 


t 


; t the point: of «= 35cm. (ais a distance from 
Ee leading edge.) 


made in the main flow of constant speed of 


‘14,3 m/s, in which case the laminar boundary . 


ayer began to break down at about «= 42cm. 
By these figures, we can recognize that the flow 
‘in the boundary layer has a completely different 
‘character in its velocity fluctuation from that in 
‘the main flow outside of it. 


To investigate further detailed Shavacbebis, 
tics of these oscillations, we have made some 
.experiments on it. In Fig. 8, itis supposed that 
the “ oscillations ee do not depend directly on the 
turbulence of the main flow. outside the layer at 
this point. ‘To ascertain it, we investigated the 
‘distribution of w/-correlation coefficient in the 
layer with two hot-wires, one of them being 
fixed at a point: of y=0,4mm. This result is 


also shown in Fig. 3, and by this curve, we can 


recognize that the oscillation occurs almost — 


uniformly in. the. layer and moreover they are. 
‘independent upon the state of turbulence outside 
‘the layer. 
development of the oscillations along the plate, 


ve plotted the relation between the maximum. 
value> of its intensity in the layer at a point and: 


its distance from the leading edge. Fig. 4 shows 


60 X com) 80 


 earercer Ti eres 


Fig. 4. - Distributions of the maximum inten-. 
sity of the ‘‘ oscillations’’ in the boundary 
-layer. O dp/dx= 0. @ dp/dx oe 0, 


i ae Tete ar ea SG “Ae 


“these Byperimientil results in the three states of 


“flow. ‘Then we can find that the intensity of the — 


“boundary © layer oscillations at a point is 
increasing as it goes far from the stagnation 
point, while the state of turbulence outside the 
layer cannot be recognized to change. 
‘the rates of the increase of its intensity along 


* aay Hluviuations: a sender ery Pager) I, 
ind the paciicaraptt be cchsdd of its fluctuations 


These measurements twerer 


To investigate the aspect of the 


seeaely found -in the laminar Heenan, ayer 


ve the pressure gradient_ ‘along the sartaces 


‘oscillations ” and the turbulence outside. He 
layer at this point. 
ie origin of eatery, id oscillations”, ‘} 


‘these Settincons depend largely upon that of tk 


‘Moreover, — 


“the wubRaes, are different De the pressure dis: 
tribution along the plate. 

In the laminar boundary layer, the state of 
flow near the forward stagnation point is neces- 
sary to be studied as the beginning of the layer. 
Fig. 5 shows the distributions of the mean | and 
fluctuational velocity, and in this figure we find 
that the fluctuation of velocity do not vanish so. 
rapidly as the mean velocity toward the stag- 
nation point. So, we can suppose that at the | 
stagnation point, the flow comes to stop but the 
velocity fluctuation gives large effects upon t 1 


laminar ‘boundary layer. 


EOS 


Fig. 5. Distributions of the intensity 0 
mean and fluctuational velocity near th 
stagnation point. @ mean velocity. o 
fluctuational velocity. 
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The velocity ven ons : 
ea 


the following teenies 


there is no direct relation between the re: 


ie 


As for the cause of the — 


turbulence in the main flow near the forward 


ada ee 


§ 4. State of Flow in the - a 
Region. 
One of the important feature derived by the " 

equations of motion of laminar boundary layer, . 


is a phenomenon of laminar separation. In th = 


a vi ‘occurs. As for the problem be transition 


playing real state of transition which. is 


noderat 


sb 


nd in ‘many cases of flow containing 
degree of turbulence, we will give 


8 imental results on it. 


Ae lige found: to be about a = 42 em 


; Fig. 6 ‘shows a general view of the 


i ¢ a tne tuations: in this region (x = 49 em). 
d ost aracteristic feature in this figure is. 


t outbreak of. high spear 


f This | character was ‘found in all | 


Pt blishea Serre investi-_ 


a= = 71 cm. In this case, we Neila. 


“as he | discontinuity of the SPE Rey of mR 


ent 


a) AT 
Mittra eS 


e che laminar Nomeation point Nee = = 34 
hen we arvestigaved. the state eae velo 


: hy af shows the state of flow ae 

‘In this figure, we ‘find also the 

ous change in the ‘frequency. of velo- 
retuations. By moving a ‘hot-wire along 


f ie e near the separation point, we noticed 


| a 32em to 37cm in this case. Namely, 
ML ne 


i‘ 


tnd as Aateniesl ae a cee , soluti 
‘but the separation point fluctuated in its position. | 
It may be proper to call it generally as a “laminar | 


separation region ”’ 


> 


§ 5. Discussions. — ‘ eer 

In the above measurements, the condition: 
of the turbulence i in the main flow is complicated, : 
and it is difficult ‘to draw any “quantitativel 
. definite conclusions on the velocity fluctuation: : 
in the boundary layer. ” So, taking foundation ° 
the previously mentioned | experimental results 1 
we will give some ‘qualitative discussions on . the 


rd real state of flow in the laminar boundary layer. : 


As for the state of flow in the separation 
region (ef. Fig. 7), we can easily explain it. as 
~ follows. In general, ‘when the steady laminar 
. boundary layer separates from. the. surface of a a 


body, an unstable v vortex is usually | formed by 


the retarded flow, but in the real state of 


laminar boundary layer, the location of 1 this" 


fe ahagan Pore fluctuates owing ¢ te the e pr 


3 is the thickness: of the layer sa v, th ‘ 
of, the flow outside of it), ‘its: value fluet ates 
about it. mean, value: Bs 


Pe and Pa are: respectively ae and 


1 ad « ere eqaeee by a “momentary laminar 
: separation. pe 
- ‘The he baeteriate feature of the Bow in the 
"i “transition region is also the intermittent dis- 
continuity of the velocity fluctuation as shown 
‘in Fig. 6. Such a discontinuity of the velocity 
‘fluctuation was first found in Reynolds’ experi- 
“ment on ,the flow in a tube. In the recent 
experiments on the Tollmien-Schlichting - waves 
i made by H. L. Dryden and others(®), it was also 
“reported, that,in transition region, these regular 
_ waves exhibited intermittent burst of high 
frequency. fluctuations, and he supposed that 
they were intermittent laminar : separation. 
"When these characteristics in transition flow 
are compared with the state of flow in separa- 
_ tion region shown in. Fig. 7, it is naturally 
_ concluded, 
‘ present, that all the phenomena of transition are 
an unsteady laminar separation. . 
As for the velocity fluctuation i in the laminar 
boundary layer, there: has been: proposed - an 
_ interpretation that it is the fluctuation of the 


Ahickness of the boundary layer, and in our. 


‘measurements in ‘this part of the paper, we 


4 “eannot get any more definite. results on ‘its 


mechanism | ‘than ‘that is described qualitatively ihe 


in $3. However, it is the fact that under the 


= 


‘there exists larger velocity fluctuation in the, 


4 boundary layer than in the main flow. : On such 
ae state. of flow} we wilt investigate the effects 
of the velocity fluctuations in the laminar 


_ boundary layer. We express the velocity com- 


ponents by these mean and fluctuational values sh 


Dae ry 
lees ar bere? i, 
and when these are put -in the Navier-Stokes’ 
é equations of motion and the mean values are 
taken, they reduce to | 
_ 0a 


ri tod ee 
an Bele p dx een ) 


Hie anOna ss Oa y Blot: 
492 Leer @ 


a 


’ Then the Pee in the fat is easily 


_ layer. 


decided eohicely depending on thé yaouee fl tua- f 


although | it. cannot be proved at : Enbarsity of pressure caused by ul- and offi 


: Jaminar boundary layer, | there exists — 


pressure fluctuation caused by the’ “ “ bou 


Been ae HOW, in which velar 


main flow with a moderate degree of turbulence, 


velocity fluctuations are neglected. 
neglect all the fluctuating values, (6,8) ¢ 
simplified to Prandtl’s equations of moti 


laminar boundary layer supposing 


é/L <1 
where L is a standard nee along the 


é When we Gbasider the eae 
tions, however, (5,3) and (5,4) do not par 


Latte 


a 


tion at this point. (The mean values. of he- 
tion are expressed respectively. of paren 1 
and so the total pressure is increased in its 
value by the velocity fluctuations.) Thus, i 


layer oscillations” , which are differen 
in the main flow outside the layer. Th 


piscussions ‘can be adapted in the 


or aliesel cylinders, but in ‘the oe of: floy 
along. a flat plate, we have not a complete agres 
ment with experimental results as. the abo ye 
eases. It is: assumed, that in the case of flow 
around a sphere or an elliptic cylinder, the 
range of the laminar. boundary layer along: the 
main flow is narrow and the difference between ne 
the boundary layer oscillation and the turbulence 
outside the layer is not large at transition point, 
while for the flow along a flat plate, its range Heh 


e and. the: shove difference becomes: con- rend 
us. ‘This is believed to. cause the discre- x eh ERNE mean 1 thickness of the layer, 4 mean. 
between the theoretical and experimental —_ velocity outside the layer, mean pressure which — 
a the | Sas Paar flow along a flat alate is almost equai to that outside the layer, and — 
“pressure fluctuation which is entirely caused by 
the velocity fluctuations of the ‘“‘boundary layer — 
oscillations”? which are caused by the free 
turbulence in the main flow or caused. by the 
forced oscillation in the boundary layer. Namely ; 


ay of transition. The phenomenon ‘of re 
the most important effects of the ‘‘oscillations’* — 


: 
} 


upon the transition are their | intensity and | 
: frequency. - To prove this interpretation, how- 
t re S ever, we need more detailed experimental investi- 
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ae ry ‘eke As for the mechanism of the laminar bounds g 
. Kae ary layer osciliations, we have: no. definite knowl 
edge, but v when we colerlated experimentally its” 


Weed. ¢ 2. 


minar esanas saeeatia’ %, | frequency, distribution : function of u ’-fluctuation,. 


Pas a 


tween turbulent and lamina Eby yund= ‘we ok tes risers as shown i . Fig. : <7 
ow could not be considered | 0 depend "5 eee tas gle ® 


* - 


locity Auuetuations. ‘Namely, it t has been 


‘12h a sade 
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curve, we can recognize that the oscillation is 

not merely a periodic motion as Karman vortex, 

but it shows rather an aspect of ‘‘turbulence’”’. (mm 

Thus, in the real state of boundary layer flow, 3 

we have still a question whether these oscilla- 

tions may have a contribution to the Reynolds 

shearing stress. 2 
Recently, for the purpose of investigating 

non-isotropic turbulent flow, we have devised a 


simple method of measuring w’v’-correlation coef- 
ficient by a hot-wire anemometer. It is codsisted 
of two or three hot-wires, one of them lying 0 


ahead and the others in its heat wake. We can Fig. 2. Distribution of the intensity 


measure w’- and v’-flucutations simultaneously by of w’-fluctuation (@) and w’v’-correlation 


: ; Cis : of coefficient (O) in the laminar boundary layer 
the wires lying ahead and in its heat wake re along the plate (dp/dr = 0) at the point of 
spectively, and we can easily evaluate the value ~ = So cms 


vf ofl isithranli stant 
a Wi With rr e waennractty A 


y sateen 


ge 
ur iN pee Ah 


pe 


Fig. 3. States of the velocity fluctuations in three cases of flow. A-turbulent 
boundary layer. B-main flow of the wind tunnel. C-laminar boundary layer. In 
the above figures, the each timing mark is 1/100sec. In the below figures, the 


origin of coordidates is the position of the mean value of u and v, the abscissa 
being w’-fluctuation and the ordinate, v’-fluctuation. 
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of w’v’-correlation coefficient. When w’- and v’- 
fluctuating voltages are simultaneously put equal- 
ly in the two orthogonal axes of a braun-tube 
oscillograph, we can get a figure which indicates 
the frequency distribution function of w and v 
about their mean values. The detailed discus- 
sions on these methods are described in refer- 
ence 3. 

By this method, we investigated the existence 
of shearing stress produced by the laminar bound- 
ary layer oscillations. The measurements were 
made in the same state of the main flow of the 
constant speed along the plate as described in 
Part I. We repeated the measurements at the 
point of « = 35 cm, by the method of the two or 
three wires, and at this point, we found obvious- 
ly the existence of a negative value of the cor- 
relation coefficient of uw’ and vw’. Fig. 2 shows 
the distributions of its value and the intensity of 
u/-fluctuation. For comparison, we also made 
measurements in the turbulent boundary layer 
and in the main flow. In Fig. 8, the above 
figures show the simultaneous oscillograph re- 
cords of w’- and v’-fluctuations in the three states 
of flow, and the below, the corresponding fre- 
quency distribution functions of u and v, taken 
by photographing with exposures of about 20 
seconds upon the surface of a braun-tube. By 
these results, we can recognize the existence of 
a negative value of w’v’-correlation in the lami- 


nar boundary layer as in the turbulent boundary 
layer. 


$2. Effects of w’v’-Correlation on the 
Mean Velocity Distribution. 


The above measurements are concerned with 
the u’v’-correlation coefficient, and not with the 
value of —pw/v'. To evaluate the Reynolds shear- 
ing stress, we need moreover a measurement of 
the intensity of v’-fluctuation. In general, in 
the laminar boundary layer, such a measurem- 
ent is very difficult, owing to its small thickness, 
and so at present, we cannot evaluate the effect 
of Reynolds shearing stress on the mean velocity 
distribution. But it is the fact that at this point 
there exists a finite value of Reynolds shearing 
stress, and its effect on the distribution of the 
mean velocity ought to appear itself. Fig. 4 


shows comparisons with the theoretical curve. 


AIK 


Fig. 4° Comparison of the mean veloci- 
ty distributions which are derived theoret- 
ically and experimentally. Full line-the- 
oretical. Q— measured points at x = 10 cm. 
@—x = 35 cm. 


Concerning the discrepancy between them shown 
in this figure, we can take such an interpreta- 
tion that as the boundary layer develops along 
the plate, the effect of the shearing stress by 
the oscillations comes to be conspicuous. In 
general, by many experiments on the mean velo- 
city distribution in the laminar boundary layer 
along a flat plate, we recognize that it becomes 
gradually to differ from the theoretical result 
derived by Blasius, when the measuring point 
upon the plate is put so far from the leading 
edge, and as it goes still farther, the velocity 
distribution changes into the 1/7-power law of 
the fully developed turbulent boundary layer. 
But when we investigate the state of the veloci- _ 
ty fluctuation in the layer by a hot-wire ane- 
mometer, we often meet the cases in which the 
mean velocity distribution differs from the the-- 
oretical result before an intermittent disecontinui- 
ty of the frequency is found. This fact is sup- 
posed to be due to the Reynolds shearing stress 
in the laminar bonndary layer. 
In conclusion, the author desires to record — 
here a debt of gratitude to Dr. T. Maekawa for 
his valuable advice during the work and to ex 
press his thanking Mr. N, Matsumoto and Mr. 


T. Uchida for their assistances in the measure- 
ments. 
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Summary. 


= Part I, the results of magnetic, dilatometric and calorimetric studies of the — 
ferromagnetic MnBi was reported. This compound was found to show abnormal behaviour 
in the above properties at low temperature. This paper includes the electric and galvano- 4 
magnetic studies, where the specimen is the same as in part I. as 


$1. Apparatus. 


The shape of specimen is a circular cylinder 
gor a rectangular parallelopiped. In Fig. la, C’s 


are the current terminals, and R’s are the: 


- potential terminals used in measurements of 

electric resistance and ¥ | 
_ of its change in magne- 
tic field. They are of 
~ copper wire soldered 
_ with Wood’s metal. A 
current of 1A and of 


Yat & 


 0.5A are passed through 
rc respectively in mea- 
_ suring Hall E.M.F. and 
electric resistance or 
its change in magnetic 
’ field, which are sup- 
plied from a battery 
of large power. The . 
_ potential terminals R’s 
are at a distance of 
13.15mm along a axis 
in the middle of the 
side plane. The wedge- 


Bigs «1: 


shaped H’s of the same alloy as the Epecimen 


are Hall potential terminals, which soldered — 


| with Wood’s metal along a plane perpendicular 
to the axis on upper and lower sides. J isa 
3 thermocouple of copper and constatan and is 


y attached _to the. specimen with shelac. The 


specimen and its attachments are yarhianed to 
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Ferromagnetic Wiinis of Mn mad Bi ie ae Temperature Hae f 307 ae 
% 


avoid the enanencs of moisture, naa are covered 
by a case of copper (C in Fig. 1b). A generator 
of magnetic field for galvanomagnetic effects is a 
a electromagnet of Weiss type, of which the i 
pole pieces are of the diameter of 50mm a 
apart at the intervals. of 60mm. To measu 


the potential difference we use a galvanomete r 


of voltage sensitivity 14V/mm. 


§2. Electric Resistance. 


1) Specific resistivity at room ‘temperat 2 
a : 


tan 
The specific resistance of the” specimen ee 


and 5.0“#@cm. Since the specific resistance — 


mixture is remarkably influenced by | low 


resistivity of MnBi. In such a case, it is diffic alte ne 


to know he exact staan of ane a : 


from place to place and the smtevoastne equi-_ 
potential surface deviates from the macroscopic. 
Moreover, the specific resistivity of the bismuth- 
rich component may be lower than that of pure — 
bismuth. To get the approximate value, we. : 


Se nie wy ee 


neglect such facts and employ the following — 
formula : a iat 


1 tB 4 Fup 
obs OBI OMB 


This is very large 
with that of usually alloy, and may be 


Dl epsctoe resistance of, the specimen if 


plotted Uegatnat temperature from —174°C to : 


Ronde the same assumption as in 
ppsernh i 


- 


se rf00y 
> Temperature 


Fig 2. 


amp PMB . 
| OMB: 


ik api fBi 


pe Bare » the tashhabatdne coefficient of 
Assuming that xons = 0.003 and opi = 


Contrary to magnetization, 
rm 1 expansion and specific heat, specific 
sti ity does not exhibit any abnormal changes. 
; may be ascribed to the slight influence on 


/ ‘fluctuate. 


ns in conduction band and to the poor 


spite of these rather severe MES we ma} 4 
conclude that an anomalous behaviour of resis 
tance is ‘very small as compared with that o 


aban aaer' ea magnetization. 


§ 3. Hall Effect. 

J) Hall effect is one of the effects which ~ 
expose us the circumstance of d-band, on which 
the unusual appearance of magnetization is” 
dependent. From its sign we shall be able te 


know the relative effective numbers of conduc-, 


_ tion electrons, and of positive holes, But we do 


not derive reliable results in consequence ‘of ihe ; 
following reasons: (1) Bi, which the. specimen } 
involves, shows conspicously large Hall E. M.F.,) : 
as widely known. If Hall EM. F. of MnBi 
small compared with that of Bi, we are not ab 


to separate clearly two electromotive forces, and 


that of MnBi may be within the error of ‘measore- 


(2) Beside Hall E.M. aS the ther! 

alsckeatorlve force appears necessarily owing 
to the temperature difference of Ettinghausen i 
wes at the grain Boundaries, between om and 


rm 


ment. 


pbs lag as Pilate ee with that of Ha 
2) Hall electromotive force at roon 


~*~ 
+ 


rature, x ne nee 


of section 6.40x 7.20 and of iength, 30. 5 in 
(Fig. la) Tbe observed sign is negative, and | 
magnetic field dependency is Hig ih magne 


n resistance, that the i ean of electric 
4 ield along the axis of the specimen is almost 
- constant in the perpendicular surface to the 


xis, we get. 


total Hall E.M.F.= E( “dz 
p 


0 


* is” the ‘speeific resistance ‘dependent. upon 
“magnetic field. If we set ‘total length of MnBi 
and ae Bi along Z respectively imp and Ini, we 


‘Total Han E. M.F. 
e ee 
tr : OMB ss PBI 


aby rfc eee reg ‘ 


3 Be pene om! ont 


te the Aaa values of obs 5 “mi » Pobs 
 OBi, Me Sei and ‘the ealeulated values of pomp 


against the magnetization in Fig. 3 (©), and at 


A 

. 

3 the same time we plot the behaviour of the . 
s 


i 4a usual quantity (O), mp | against magnetic field. 
: The sign of 7MB ‘is positive, that is, the 


3 aa of positive hole is grater than. that of 


_, 


i -eonduction electron. This result consists with 


4 
BY 
, 
i 


the | large magnetic moment per moleculs and the 
~smail conductivity. In a ferromagnetic substance 
Hall E. M. Fi is a function of. magnetization M as 
well as of magnetic field H. Assuming a linear 


function of M and H, we get a empirical formula 


4 as. follows : oo) 


,- » 
= 1S e 


7MB = 6.5 H+289 M in E.M.U., >» 

a 
which i is plotted against the magnetization in n Fig. 
3 (curve). ; 

- The coincidence of the matted value with 


"the measured i is fairly good. The two coefficients 
are same, however strong the intensity of the 
‘magnetic field or the magnetization is, we may 
€onclude that Hall electromotive force is a linear 
‘uu ction of three components of magnetization 


289/6. 05 = 47.8 is very AS: fat Le : 
local field 4n/3 = 4.19. 


in the above equation, we get 7p as plotted 


- motive force or the coefficient of MnBi as it se 


according to the abnormal Hall effect of bismuth — 


Holl EME = 6,05H+ 289M. 


~ 
Asa 


Holl Conslont n EMU (0) 


; 100 200 
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ieee ; ay) 


Holl EMF, in EMU. — 


40 


Temperalure 


Fig. 4. 


difficult to obtain them with sufficient accuracy 


at low temperature, but we can guess qualite- ‘ 


motive force of MnBi increases rapidly at any haormain This is peaked du to in- 


-—170°C and then gradually decreases sufficient accuracy, and at -150°C in 6400 O2rsteds, 
ha very broad maximum till room tem- _ the abnomal change of 4o/o and its temperature 
coéfficient of MnBi are less than 15 percents and — 


Its sign may be positive at every 
ture. Although the applied Fopuaems 40 percents. 


§ 4. Conclusion. 


Pe cantialy similar results even in the 1) The specific resistivity of MnBi is rather 
ae? Oe 2 ; great among alloys. Then number of electrons i in ) 


‘be admitted to conclude that we obtain 


a conduction band is small. - . | 
* The temperature coefficient of resistivity of — 
MnBi is small, but cage that is, MnBi i is not. 


tization, and on the other hand to the two 


fficients themselves. The cause of the semi-conductor. q 
Be tbe Ric abhormal chasse: of elective At -150°C MnBi does not show pre : 


food -anomalous behaviour in resistivity, that is, the 


of electrons. 
influeence upon conduction electron is slight. 


hange of. Resistance in Magnetic 2) In every magnetic field Hall electromotive 
force of MnBi is represented by common linear . 


_ function of magnetic field and of magdeization, 
-and its sign is positive. Therefore, the number 7 

of positive holes in d-band is markedly more 
iz tion and its the scot along the than that of electron in a conduction band. 
current. And it is impossible to infer The Hall constants of MnBi is very ‘much. ; 


tance of the saturated state from that greater than that of other ferromagnetic sub- 


field as in Hall effect. Moreover, the stances. of - 
of resistance is small in cantrast to that At low temperature dhe Hall leciromotiyl Te 
1, and we could not gain the sure and _ force show a large and broad maximum, of whieh 


producible value for Mn. In Fig. 5 we show the shape is asymmetric, 


e of resistance of the specimen (not 3) The change of resistance of MnBi it L 
. The large values magnetic field is large compared with ot 
metals except bismuth. But it does’ not | ‘si 
any remarkable abnormality. 


In conclusion, the authors wishes to eo 
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§1. Introduction. } ene there has been no information as to the sub Bo 
Br. ; of Thomson thermomagnetic effect. It is, 


It was first observed by Sir Wm. Thomson 


‘in 1856 that a thermocouple may be constructed os desirable to measure the effect ene nee 


erystals. The formula of the magneto-thermo- 
electric power of a single crystal or a sit 


entirely of iron or nickel provided the two parts 


_are in different states of magnetization. Numerous 


y -magnetic domain that i 1etized to sa . 
3 Binvedtigntionsc) have since been made of the & in that is magnetized to saturatio 


i by N. Ak ©) 2 
effect with conflicting results. Was ee y knlov ( te follows 


; In a longitudinal magnetic field, some au- 
d _ thors ©) found the e.m.f. of opposite sign for 
iron and nickel, but others@) ©) have found 


i Se a ar ars 


th .f. positive, i.e., from magnetized to , aoe) 

pee e.m.f. positive, i ae eer eincia where (£,)ap; is the induced magneto-th 
-non-magnetized metal at a cold junction, in both 
_ eases. The e.m.f. of iron was sometimes observed 


s increase rapidly with magnetization to a 


electric power measured along a direction 
direction cosines #,, 2, 8; with respect 


principal axes of a cubic crystal, when the. 
“maximum and then decrease to a constant value 


ein. a strong field, but some obtained a reversal 
of sign in a strohg field. This decrease or 
_ reversal in a strong field suggested to some 
_ authors a connection with the similar change 


is magnetized in a direction x, a, Sac 
‘a temperature gradient along a directi 
73. @, and a are so-called anisotropy cons 


of cubic crystals. | In our case 4; = 7, SO. W: 


E)op =p + ay a2 BE + ae Sas 45 8: 
in length on magnetization. (Emap =@— + ay 3) 0,7 BP + Fat B; B; 


4 In many previous works the effect has been If (E,,) in Eq. (3) is subsituated by ec ) w 
"studied with a wide temperature difference, i.e. the well known magnetostrictive formula. — 
100° or more because the e.m.f. of this thermo- In order to make the measurement of 
couple is very small. Itis inadequate to discuss anisotropy constants in Eg. (3) by using a 
the results from theoretical viewpoints, because crystal, it is necessary to specify a star 


the: magnetization and also ordinary thermo-— state. As pointed out by S. Kaya and H. Tak 
electric powers may not change with temperature on distributions of magnetic domains in as 

in a linear welation, so we must define and erystal of iron rod, the domains were not distr’ 5; 
“measure this e.m.f. as a mean value between t° buted equally in the six directions of the eas 
and t +dt° as in the case of an ordinary thermo- magnetization even when thegcrystal-rod a 
“couple. For simplicity the defined e.m.f. is called whole was in a state of demagnetization. T 
the -« magneto-thermal e. .m.f. per ie geh or the adopted, therefore, as a standard state the 


«« magneto-thermoelectric- power’? at a given breaking point (remanence) of a descendin: 
temperature t°. | ws hysteresis curve and determined the magneto- 


The phenomena have been measured hitherto —  strictive constants of iron. From these conside- _ 
only” in an ordinary soft iron consisting of an rations, the magnitudes of magneto-thermoelectric 
; terminate mass of small crystals, so that powers between the saturation and the remanence 


aA 
ae 


“a a gauging peeks lent r non-indueti n¢ 
Land II, of nichrome wire, the former being 1 


Bain ne Lat jel jks A:>-+ BS +88 : 
- (Em)sat.—rem. = L— 
“a 23 [ ; Bi+B,+Bs | ; 

~ 42 \(a,—a1) (B12 Bo? + Bo? Bs? +B? Br). 2..( 4)’ for heat treatment and the latter for controlling ; 

. the temperature difference of each end of the — 

specimen. The tube was placed inside a water — q 


jacket, through which the water. kept constant 


in temperature was driven. The ordinary thermak 


e.m.f. arising from the couple was nearly balanced — 
by connecting the couple leads as usual to a. ; 


potentiometer. The magneto-thermal e.m. nity set 
up by a magnetic field was determined. by- noting 
the deflection of a sensitive galvanometer. \ a 
- Magnetostrictions were measured by ha 
similar methods used by S. Kaya and H.: Takaki 
- (loc. cit.). 


Specimens used for this experiment were 


cylindrical rods made by Edward’s recrystaliza- | 
tion method from electrolytic Swedish iron. The 


me tel perature diference:s It is necessary, 


_diameter, length, direction cosines. of rod-axis. ) 
with respect to the principal axes and the observed. ; 
and calculated values of. remanence even by. 

; A 
: Fen: . 


, Ts calc; 


bed — ay that the parent 


= nh 


Bi+Be+8; ae 


are shown in Table I. 


viz., “No. 10 i is a tetragonal:, No. 20 wy diag: ion “a 
and pees 105, 4 aera tueee respectively. 


§ 3. Experimental Rerolte. % a 


LL OE 


search coil 


are ore in Figs. 3) 4,5, and 6. ee 


i. Sche ematic representation of apparatus, : Remembering eye? the normal emf. a i" 


f 


Table I. 


Diam. Length Some es Direction cosines 


SAT Bs By al 
2.842 189.6 0.996 0.065 t 
1.960 172.6 ot 2 50,989" (0.676 | 


1.955 230.4 | 0.659 0.542 


treatment etc., ae the meen _ 


“Bteront appearances of the ee eriction 


veils x10" Vv /deg— 
jal 


oO -08 


a3 


DP esnstant: Fig. 3 3 shows this fact in he case of. several times by A. C. after thermally durcieas 
the; ‘magneto-thermoeleetrie power. In the figure = at the same temperature. The “A.C. de n 
the “ absolute curves’”’ are the results of No. 10 curves II’? which are same ones in 


q which is thermally demagnetized at 820°C and know that the apparent saturation val 
3 the “A, C. demagnetized curves I *” are the results gradually by A.C. demagnetization. | 
of ‘the same: sample. which was ; demagnetized Fig. 4 is the results of the once 


2 
at 
BX: 
weN 


t 


hy 


striction or sep onmneriedient ea power 
creases monotonously with magnetiz 


the remanence and then sais 


~ 
a 


the remanence from one. of vaineieal a 
perpendicular to the bar axis to another princip: 


+ 


ce this reversals experimentally ae t har 
‘The “« ‘absolute curves’? ae 


: concentrate in the regions of rotational magneti- 
zation between the remanence and the ‘saturation, 
and also represent only very small hysteresis. 


» 
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‘Fig. 4. Diagonal erystal No. 2. 


. 


== x10°¥. 


te \ 102 nak ° . 0g levatts 


ea an ee . 


al 


Fig. 5. Trigonal erystal No. 105. bd fa heey 


Fig. 6. " Polyerystal. 


q | ‘Fig. 6 is the results of a. polyerystal. The 
. magnetostriction reverses ‘its sign. in a strong 


most results of previous works, does not reverse 


f its sign ‘in any field. 


§ 4. Discussion. 


i _and the saturation we can calculate the anisotropy 
“constants ah and Ag» and get next equations for 
our samples as follows: 

No. 105 0.0072a; + 0.6518a, =, —12.3 x 10-* 
No. 20 0.0298a1 + 0.4996a, = —5.4x10-8 
No. 10 0 .0998a1 + 0.0142a, = 9.8x10-§ 

‘Solving the normal equations of these we get 

a = 104 x 10-8 Volt/deg. 

az = —18.9 x 10-8 Volt/deg. 

; oie a similar way we be next equations to at apes 


TS eae — 


nence is given as follows: 


7 field, but the magneto-thermoelectric power, as __ 


ee ~ By measurement of the Sires hace of magneto-. 
; thermoelectric powers between the remanence — 


are trying to repeat more measurements 


_ other polycrystals. 


10 0. ose +0. 01420 = eee a 10-« As 


From these equations we get 
= 38.9. x 10-6 
¥ = —28.7 x 10-5 
The values obtained by S. Kags and H. T 
(loc. cit.) who used many crystal-rods ineh 
= 38.4x10-® and al = - 
It is difficult to determine the cons 


our samples are ay’ 
x 10-8, 


a or a;/ from our samples, b ecause any © 


bar axis coincides nearly with the symmetry. 


Bit 8.5 + B° en 
, RE - 


See —rem. = rb Tal 


we get also ay/=26.0x10-*. Both the: ae 


smaller than that already obtained. Cont1 oe 
our expectation we may conclude that t an 1 th 

demagnetized state has already had the d mai ns 
perpenaicu lm to the bar axis. It is dif onl 
foteagennt Societe ysis @, Or . is ‘ace 
determined from the measurement on di 
or ee On account of the value of 


numerically the results of the polyerysta 


An ordinary absolute ihermbalecene powe 
of iron which shows abrupt. change below: 1 
Curie-point by appearances of a spontaneous — 
magnetization is independent of the direction of hh, 
the magnetization of domains. A qualitative — | 
explanation was given by N.F. Mott from the 
standpoint of the modern theory of metal. The > 


magneto-thermoelectric power leper upon the i] 


tions of the magnetization of ‘domains. vi it 


wer “of ‘a 18.5% Fe-Ni alloy which is 
ee os ene in length on magnetiza- 


vis 


= 25.9 x 10-5 


»,¥ 
BS) j 


He aise Og i eeiea | 


e gmc ape shange in thermo-electric 


EM We are fat ee this ti mpe 
ture dependency, ‘results of which will give so 
fundamental clues to the solution of the -mecha- 
nisms of the magneto-thermoelectric forces. 
will undertake, in future, to investigate | from 
the modern theory of solid the mechanisms of 
‘magnetization by using our results which may | 


7 


depend upon the mutual interaction between. / 
-3d- and 4s-electrons as in the case of the chang a 4 
of electrical resistance on magnetization. i a 


The crystals used in this - investigation | wer 
supplied by Professor ‘Dr. S. Kaya to whom ‘th 
author is indebted for much valuable discussio 
and suggestion. It is also a pleasure to than 
‘Professor Dr. T. Muto for generous advice. 
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42 Dirac@) proposed a method of field 
tion which -uses'an indefinite metrie¢ in 


gative energy photons. : 


This . method 


difficulties of ‘the ‘feld theorie 
with the Himiting Process, 


i 


a 4 


We ; 


q 


is. theory ‘the divergence arising \ from the 
Bein. polarization phenomenon occurs in a 
tor that alters the strength of all charges, 
an disavoided by a formal renormalization of the 


_ charge. Also, diverging electromagnetic proper 


_ mass makes it necessary to renormalize the elect- 


_ ron mass. 


_ In the present paper, the are of negative 


; mass of the electron is calculated according to 
@ Schwinger’s method, and it is found that it 


cess is aoe 


Ps > 2. “Negative PNtey Photon. 


The usual method of Betonoosing the elec- 


4 


4 is done ‘pecording to\ 7’ 
jes \2 

Ay(a)= V4 a(#2) jie 

After 


a Dirac we decompose Axle) into two complex 
q fields: + Uyla), Ui): Ye 


_ where ae = 0 and we define k, as positive. 


& at Adle) = Pasi Uta, (2.2) 


* and Seer the ho ea of U.(w) with kya, 
in the phase factor in the usual way, while the 
other part of the oscillators of U,(x) with —kyx, 


Bi of negative energy oscillator, where * indicates 


7 


b 
- 
a 
} 
x 


Te) = ~via (He Bk, <)Ft 


x exp ‘(ilencea) 4 U,-(k) exp aK as 2.3) 


E Tyee) = este an [ety 
oe : ; x exp(—iknwa) + Lan exp (doe); 


4 mtb and. Uy) correspond to = positive 


er Ra taste to the positive ‘and negative sah 
‘the interaction representation. In ie 


energy photon is considered in the Schwinger’s | 
covariant formalism. The electromagnetic proper 


diverges. Finally, a note on the 2 limiting pro- 


‘tromagnetic potential into Fourier components 


3 x *[An) exp (alesse) +A) exp p (ila) (2.1) 


| photons, respectively. The (serie vel . 


in the phase factor i is quantized with the method 


the adjoint operator. This means that we must - adjoint of which is A,*(«)= 


assuming: the energy and momentum 


it 


oscillators, respectively, then . 


Uys *(b) = Wer tUiy (ky (00), 
Porte) = 7-1~(k)Uy-"(h)n- CH), - ¥ 


OUL* aU), 
Oa; Ox; ° BSA 
U>* BUR OU OU7x* pally 0U* la 

i (0%, ° On, Om; ba 0% ) 


mii 


Ge 7 {Ae OU - 
Fel De Ox, Ox; ‘i 


0U> 0U>* 4 OE 0U* 
Oxy Ox; | Ons Axe 


+ 


and the commutation relations are g 
| Tye, TrXO0)) = Stee Beyty Bigeys 
[Uy-(), eke = cA ie 


Uula), Uy*(x) is derived from (2. 5) a 
| (Wile), WAC) = ted Deal), 
[UO (a) 5 Uv(a! ) = [U,*(2), Uv¥(a! y= 
In view of the Be sets D(—#) = 
mutative law for Ay(a) is. 
AEA LGN AW eo T es ihedy»Dle—0"), 


The above procedure is equivalent 
ducing besides the usual potential field 
Ay (x) satisf. 
commutative law (2.8), another field B 
adjoint of which is B,*(x) = —B, (a), s 


the commutative law 
[Bu(e), By(w!)]. = ~thed Demat ao @ 
and putting 


U ule) = ee : 


wilh 1 ; . ’ 
Uy (a) = V5 An(e)— Bula); 


in ae 
y OAL OB, 8By 
@ Org. On, Ox; 


‘OB, OB, 
Ox, Ox, J 


_ 2B, OBy 


ee OB, Be) 
i 9x, Ox; 


Ox; 02% 


Aste 0Ay(x) zr 1 OB, (x) 0B, (x) 


= awe) +6)] (0) 


rama yee) +6» |o"(@). 


(2.12) © 


; es4 ‘ (2.18) 


ndition is given in terms of U,(2), 


¥-: te o7i¢] = H(x)¥{o]. 


iBa(a) 


1 
Fa preven |¥l1=0, 
i" 48.8) 
— 78 - = \De- —a! ju(a)doy! |¥a}=0, 


‘ihe are] 


Owing to the divergence-less character: 
pressed by the supplementary condition (2. 14), 
it is possible to eliminate the longitudinal parts 
of the U,(«), Up*(a) fields. 
trary time-like unit vector mp, my" = 2; we de- q 
compose U(x) into the gradient in the time-like 


Introducing an arbi- oe 


_ direction specified by mp of a scalar field A (x,) ; 


the gradient in the space-like direction orthogonal — 
to m, of a scalar field 4’(x) and the vector field : 
Uy(x) which has no component. in the direction 


Mm, and is didergence-less : 


> 
=T> 


Uy) = NyNye A ey Me 


a St ty “Ape Sia 
aa | AN hoe ; “4 
(e tyne )A (x)+Up(a), ; (3.4) 


io. p vn aeeheee 
- Ny ty) = Dan Be = 0. 


It i is assumed that A(z), A(x) and wy (a) satisfy the : 
field al oN 


D4"(u) 


Commutative law 


Da) = = Lina) = 


[Aah Ae] = the dee—e!), 
— [A(x), A*(a!)] = Hic D(e—2'), — 


Lane), w*(2!)] = eee as © 985 


lows: 


= (753 Sieh - 
x ethan ( 
22a maul 


dala) 


ign vaio Nie 
Rained els 0. vy 


field, Rocetie= _ with anplenientary 


ie of a ght’ quantum by a ae Siectron: 


and such processes are all virtual. Hence it is 


convenient to have an equation of motion for 


pose NS In order to carry out this 


ge fT le ome) +o dete, onde’. 


ae volume. integral is extended over. whole 


If we consider only the terms up. 


; space-time. — 
to the second-order with respect to the interac- 
ion, we obtain the equation of motion 


: Vo] Sone 4 
it aaa) = at. Arai 
pare Galena) + aC) rjule” sla”) vu 


eo ... ? 1 @3(a—a! 
tutes, oWa’—S (gS 


: tee BES )nteierdn rte 


a f ibe ; (4. 2) 
- Similarly we introduce for @: 2), 6. 3) the 
_ gauge transformation 
ee Mia} eer 


4 j 
4 Shere bat 


“87 Bid Be oe 


a if : ofl _ 1 axl. 
Sede: aaa) ~ Be 


Ex clon We )}D(a—«!) e[s, a! \do! Po] 
pat) _ Liu), HOM Tule) + TM), 
_ Clers DsMa} € ls, onder Me] (4.4) 


any. | i pee sao 
ying the complete electro- ; 0 


fos (4.1) is 


bans) = eines 
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§5. Vacuum Condition, Electromag- 
netic Self-Energy. _ seh a 
The vacuum of the isolated electromagnetic 4 

field may be that state where exist no light ; 

This condition is. expressed by mid 


mo 


quanta. . 
mae = 0,0 6.0), 
where v, ee ee the vacuum of the electro- 


magnetic field. 
value in (4. 15) can be ealeulated 


Now, the vacuum expectatio 


¥% 


Hin = al”. Lint), je nDe—) ele, site 


=Sl {eo rs re Gp a =n) ue ~ Pons 
ty Aen atest tna Pag - er 


1G 40X27 Bley} Dea) € Ie, oo, 


Introducing a funetion F(a) defined by : n ; Be. \ 
git 


dF(a . ) 
- ar Dee ae uae 


where he = = (esas, we tate, es = 


H,,, = © if [ef (Fu)—2000— ~2)40%e- ”) 


x o(e da! 1418 SOMO 2Dle— a) 


J t ae. 


i ad 


* 40e—2dot, He) loeeeee a | 
sy es a 


Using the Sitegeal’ representation of D 2) Bee ACV) r) 


Lat Sate’ my 


Cox 


and exp Gay), we have a eRe 


\ 


Z ra = = K-B160, Ho | 


Nee ies dt tend 


~ 2(4n)? Jo. 
Ken? ko ey 


‘lim'log 
enh ig Ou 


: oo field i Me? 


DAue) = giao cade 


: “ke 
re is Maitided that — = represents the electro- 
agnetic mass of electron. enor 


Di Conclading Remark. 


te was 5 shown by ate that a YPanaintion 


wepresention: 


ih #4) Ni : References" 


: Pee ieee can a), (1) P. A. M. Dirac, Proc. Roy. Soc. A 
; : (1942) 1; cf. also W. Pauli, Rev. 
15, (1943) 175. 


iinet ih a IN ciel puke ‘and 685 ; 87, (1934) 726. bas 
17 P. A. M. Dirac;- Ann. de Vinst. ( 


Bona gt Schwinger Ss formalism. Taking 9, bee 13. 
(a) in 5(3.1) as’ Spun), > we pass on a 
Heisenberg Sehroedinger mixed Fates in 
i 75, 1949) 651. 


iT Re Vibrational Properties of Wood se 


\ 


By Bich FUKapa. 


A Kobayashi Institute of Physteal Hesoapele Koleubungi Poko: 


(Read May ae 1949; Received January 26, 1950). 


—=&§ “Introduction. 

r | ent thane 
ces “The vibrational pee tics of se poba are very Alaa ean if arti to will bh ee : at 
me): various woods ‘under the condition o 
me interesting as it is used popularly in many musi- state. ae i 
ss cal instruments. ‘They’ are very different accord- | Si 
a ing to its original location in the tree, the diree- ii § 2. Medeutite Method. 
B tion of fibers, the moisture content, the temper- Fig. 1. gives the schematic: diagram o 
a ature, and the previous treatment. Therefore it asuring apparatus. The dimensions of 


stig 


is desirable to repeat the measurement | ls0 many M are about 30 em long, 2 em wide, a — 
4 times that the reliable results could be obtained. = thick. We suspend it with two fine thr sads 
We have measured the logarithmic decrement and | at the nodal lines corresponding to each mode. 


the Bene 's modulus, of wood: hye means of a new lateral vibration. The ‘thin iron piece P is at- 


teak of olay R; tension on the side of pal stic 
0 hs: coil Li, the specimen begins the iatarat > galvanometer — G, by which the total charge 0 
‘ced vibration and the induced electromotive rectified damping current caused by the damp 
e arises in coil Des, When the frequency of oscillation of specimen is measured. Owing t 
a current in exciting coil L; is ie the relay R, we can also measure the charge in 

the arbitrary time interval while the switch s 

is open, and reduce the error due to the hum of 

amplifier by opening the switch S only for the 
“necessary small interval. It is already know a 
that the damping of vibration of wood is just 


exponential at small amplitude®). ‘Therefore the 
amplitude of alternating current. induced in the 
receiving coil L, decreases as exp (— act) with the } 
time t, where «is the damping constant. ‘Denot- 
-ing the initial amplitude of current yA and its j 


param connah , the total i eine obtained i is 


‘The schematic diagram of ~ As: 
"measuring aie a 


ey 48; 


+ 48x? LP ie RS sc i Cpa Goer es ty anki Roe 
Met TE ge r (1) pie See 
Oo LL ee a) . a When the specimen | is vibrating steadily, 1 the cur- 
the length, a the thickness, o the den- © ne rent T in the microammeter i le Deny 


y_of "specimen, and m the numerical constant _ te cha e Qn ha cotta tia e * iS 
by the mode of vibration. aN ay a ahs “ileos ona = ae 


From (8) and , we have s ‘i et 


-: 


een by the damping vibration of speci-- a 3 wrenk 
‘ total charge of the direct. current th al 


of whieh i is is initialy T Ts and attenuates ss 


measure its total charge by a ballistic 


; where Tis the period of vibra ion. 
imen vibrate. The aivaenmbtrig current ter TaN I ER ‘ : 
ai ced in the receiving coil Ly is amplified and ais ae be as Air @.. 


ri 


) 
Lee ee | 


wave rectified. When the switch S is open, | ‘Using this relation the gait a mer 
ontact | of relay R; separates, and the excit- A aE ¥ 


ent disappears, and the specimen ceases 
If the switch S is closed again, as 
tact of relay R, separates, the exciting 


of 2 rt was ieee en as order ot i cae 


indifferent to mee amplitude. 


. 8. 3. Cpxperimental Results. 


Fig, 2 and 3 give respectively the 


= 


this ti me. interval ty we e charg: 


ue 100 = prs 500-1000. ! 
_ Fig. 2. “The Young’s modulus an 


Toner) inte decrement 0 
, ansdried Tabu. 


At cae about 2x10-2 seconds. Purther 


- 


500. 1000. “500d re bs 


The Young’s adds and the . 
ober tient decrement of me 
air-dried Momi. 
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tal results (the mark ©) for Tabu (a broad-leaved 
tree) and Momi (a needle-leaf tree). To confirm 


the precision of the new method the values me- 


’ asured by the resonance method are shown with 


the mark x. When we denote by 4t the fre- 


quency interval at which the amplitude of receiy- 


ing current takes the half value of the maximum 


at resonance and jf; the resonant frequency, ‘the 


logarithmic decrement 4 is given as follows; 


FST All ot Se (12) 


It is seen that the two methods give the same 


: & results. The value obtained from the photograph 


* eurve within the limit of error. 


of damping current taken by the oscillograph 
~ also nearly coincided with the above results. 


‘The measured values for the same specimen, the 


Jength of which was cut half or one third of 


original one, could be also plotted on the same 
Therefore the 


- variation of 4 due to frequency is not originated 
from the mode of vibration but from the fre- 
oe itself. . 


The lower curve in Fig. 2. shows the at- 


es Beatin due to air, that is, the difference of 


es 
Swati 


10 mm Hg vaccum. 
of wood itself is, therefore, the measured decre- 


the logarithmic decrement measured in the at- 
mospheric pressure from that measured in about 
The logarithmic decrement 


ey: ment minus this decrement due to air. 


In the: measurable frequency range (about 


ah 100—5000 ¢.p.s.) the Young’s modulus shows hard- 
Ra ly any ‘variation but the decrement varies re- 


pet 
“eodety 


_ markably with frequency and its behavior differs 
Laren to the kind of wood. After investiga- 
tion of about 30 kinds of wood, we have found 
- that the frequency characters of the logarithmic 
‘decrement could be divided into two main types. 


_ One is such that. the decrement increases gradu- 
ally with the frequency (A), to which the needle- 


_ decrement decreases with a maximum value on 


i . leaf trees belong. 


The other is such that the 


_~ the way (B), in some cases this maximum disap- 


pears (B’). The broad- leaved trees belong to this 
type. Fig. 4 gives the measured results for Sugi. 
Hinoki, and Ezomatsu as the examples of the 
first type, these are all the needle-leaf trees. 


__ Fig. 5 gives the data for Kaede, Harunire, and 


Piet Lip cine al SM 


om 


Lepage 


100 500 1000 5000 c/4 


PPP EGIL Ste BE Saltire sem 


Pies 


Fig. 4. The logarithmic decrement vs. 


frequency; A type. f 
i 
» | 
t 
0,04 ' 
¥. 
: 
ty 
0,03 } 
: 
‘0,01 - 
100 500 1000 5000 C/d 


Fig. 5. The logarithmic decrement vs. fre- ; 
quency ; Band B’ type. 4 


~ Karamatsu:as the examples of the second type, 1 
where the former two are the broad-leaved P 


kinds of broad-leaved tree all showed the secot e 
type (B) or (B’). The distinction between B 


at fie. frequency of fundamental mode (in the 


ey character of the logarithmic decrement. The 
“meaning of the notation A, B, B’ was above 
The woods . denoted by. No. 1 to No. 
; 18 are the. needle-leaf trees and howe from No. 
- 19 to. No. 20 are the broad-leaved trees. It is. 
seen “that ‘the frequency. character of’ the loga- 


: deseribed. 


about 15 percents by weight. 
of measurement was the room temperatur 
_ winter namely about 10°C. 


neighbourhood of 100— 200 c.p.s.), and the frequen- 


temperature. 


“results might. be expected when the fib 


Tt must be noth iced mG 


- that the different results would be obtaine bu 


the different conditions of moisture conte 


tion of a length of specimens. The 


orientated perpendicular to. the directi 


41 Local Name. 


aun 


. Srane to ‘the ‘kind of tree. 


f were all i: in the state of so-called air-dried, name- i 


These! specimens 


: Table Ei: 


Botanical Name. 


1 ‘Sawara_ HN: ‘ oe 
: if Sugi. (Japan cedar) 
3 ‘Sirabe Sinead Dat 


oe Bishiihinoki — 

6 | Otakihinoki 

‘Taiwanhinoki ny 

8. Miurehinoki- 

9 | Kisohinoki Ks 
0. K6chihinoki 

Ezomatsu_ (Spruce) 

er Todomatsu 

i ; at Momi ale 

140 ‘Tohi 

: 15 SAcnare: 

6 | Akamatsu: (Red. pine) 

17 | ‘Tsuga | 

1 bi eg ennen) (Lareh) 

19 | Shina (Bass wood) . 

-Tochi. (Hosse-chestnut 

S21) ‘Harunire _ 

a, | Nire (Elm) © 

Kaede (@ilaple) 

4 Buna (Beech) 0 
‘Keyaki igi 

qe Taba Ns 

| Nara si 

Kaba coy an 


4 


“Hinoki (5 japan eypress) \ 


| Chamaecyparis pisifera Endl. 
ie Cryptomeria japonica D. Don. 
| Abies Veitehii Lindl. 
Chamaecyparis obtusa Endl. 
Sie | ditto. (produced at Bishi). 

| ditto (produced at Otaki). 

| ditto (produced at maudesee 

; 4 ditto (produced at ceaunlaea! 
ditto (produced at Kiso). 

ditto (produced at Kochi). 


Picea jezoensis Carr. 


Abies sachalinensis. 

Abies firma Sieb. et Zuce. 
Picea ‘hondoensis Mayr. Monog. 
Thujoposis dolabrata Sieb. et Zuce. | 


Pinus densiflora Sieb. et Zuce. 


out Tsuga Sieboldii Carr. 
| Larix: leptolepis Murray. 


Tilia japonica Sims). 
Aesculus turbinata Bl. 
Ulmus davidiana Planch. 
Ulmus parvifolia Jacq. « 
Acer. palmatim Thunb. 


| Fagus crenata Bl. 

‘Zelkova | serrata Makino. 
Machilus Thunb ergiiSieb. etZuce. 
Quercus serrata Thunb. 


Betula Tauschii Koidz. 


i 


eee of specimen. 


The Experimental Results of the Various Woods. 


Her 6 and rae i 


8 Densiey rate 
0.278 | 0.58x 10" 
0.358. 10.52 | 
0.390 | 0.90. : 
0.397 | 0.95 — 
0.356 | 0.84 
0.377 | 0.80 
0.424 | 1.00 
20-458 ' 1 112, 
Lees 0.98 
0.487. | 0.66 
0.399 | 1.11 
0.407 || 0.91 
Qa Be 0:90" i 
0.420," R15 ae 
0.487 | 0.90 — 
0.516 | 0.89. 
0.550. | 1.28 
0.590. 0.87 
0.389 | 0.58 
0.4938 | 0.79 
0.526 | 0.94 
0.546 1.14 f 
0.685 | 1.15 —B 
* 0.649 | 1.15 3B 
0.669 || 0.85 2.01 Bl 
0.682 | 0.98 2.65 OB 
0.708 | 1.24 3.08 BIS 
0.793 | 1.72 2.46 Bo 
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and the logarithmic decrement is about. thrice 
in the case that the direction of fibers are per- 
pendicular to that of the length as compared 
with the case of parallel. The Young’s modulus 
decreases at the high. frequency in the specimen 
which the fibers are orientated perpendicular to 
the length. In order to examine whether this is 
due to the effect of the iron pieces, we attached 
further a thin iron piece on the previously at- 
tached one (about 0.1 grams) in both ends, but 


‘the measured results was the same. Therefore 


it seems that the decrease of Young’s modulus 


at higher frequency is not the effect by the 


iron pieces. 


100 - $00 1000 5000 C/A 


- Fie. 6. The Young’s modulus of Bishthinoki. 
.a: The direction of fibers is parallel to 
the length of specimen. 
~ b: The direction of fibers is perpendicu- 
‘lar to the length of specimen. 


100 500 1000 


5000 c/4 


Fig. 7. The logarithmic decrement of 
_Bishiihinoki. 
_a: The direction of fibers is parallel to 
the length of specimen. 
b: (he direction of fibers is perpendicu- 
lar to the length of specimen, 


various wood from the resonant frequency of 


‘This study was helped by the ranges sant 
- from the Ministry of Seige. 


§ 4. Remarks. 


We have measured the Young’s modulus of 


lateral vibration and the logarithmic decrement 
from the electric charge which summed up the © 
rectified damping current after stopping the ex-— 
citation. In the main audiofrequency range the 
Young’s modulus does not change while the loga-- 
rithmic decrement shows an interesting varia- ; 
tion and its behaviour is characteristic for the: ~ 
needle-leaf trees and the broad-leaved trees re- 
spectively. These two kinds of wood are plainly ; 
distinguished with only one exception. But these: 


Rytee 


results were obtained under the condition of the 


thew # 


air-dried state and in room temperature of win- 
ter. It is to be noticed that this character 
changes rather sensitively with the moisture 
It was surposed that 
even in the needle-leaf trees the logarithmic 


“We. 


content and temperature. 


decrement would decrease through a maximum — 


value at the higher frequency. And it was 


PP Sia RGAE pvt hand ing np atime tr. 


actualy confirmed. The measurement by the 
resonance method in the longitudinal vibration — 
of the specimen of the needle-leaf tree showed — 
that the logarithmic decrement had a maximum 
The ' 
difference of the above described two types A i. 
and B is, therefore, only due to the difference 


of the relaxation time which causes the maximum ~ 


value between 5000 c.p.s. and 10000 c.p.s. 


in the decrement vs. frequency curve. This i 
relaxation time is considered to be given as the — 
reciprocal of the frequency at’ maximum a 
may be related to some internal structure of the _ 
wood. The further investigation for these be- | 
haviours, especially the relations with the mois- 
ture content and the temperature are .very inter- 
esting and their results will be reported in thet 
next paper. 


In conclusion the author wishes to expréss_ 2 
his sincerest gratitude to Dr. Heiji Kawai. With- F 
out his original idea and his kindest guidance 
this work would not have been performed. The 
author also wishes to thank Mr. Akira Akiyama 
who has kindly transfered his precious ‘specim na 


aa RoR: Abbott. and G. ‘ED. Presi he 


~ Soe. Am. 13, (1941), 54. vs 
abe A. Akiyama: Rep. Ter Sei. ees 
Tokyo. 1, (1947), 38. (in Japanese.) 
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c. Furthermore, when cooled. 


oe i. F. ‘Dillinger bana R.M. Bozorth! 
a this eee ine detail, epee as. 


They ‘explained this en in terms of. 
elease ‘of. internal stress produced by 


gnet ostrietion. ‘On the other hand, ee es 


ees jas problen, have lead to. the nore 
f the superlattice Niy. Fe. 3 S: Kaya? 2) investigated 
1 a a his ppt by measuring 


He found . 


ne is i Mobied: very gradually 
annealing et gn critical ordering tem- 


ts ached after about 160 hours. Pais : 


‘ 


82. 2. Change in Magnetic Prop 


va 


electrolytic i iron and aiokal with 0. 52% 
added, in a high frequency vacuum ‘in 
furnace. The samples used are r 


Fe-Ni, (13 mm in Sines te 30 em n 


Superlattice grows aie rote the 


tion = this process. This p PEO has: 
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(1) without’ field, (2) with longitudinal (20 Oe), 
and (3) with circular magnetic field (10 Oe on the 
surface). 
. by D.C. current (3 amps.) flowing through the 
specimen rod itself. This field may be enough 
to turn the intrinsic magnetization towards 
circular direction throughout the specimen ex- 


: _ cept for a small part near the axis. 


The process of superlattice formation appears 
through the change of electric resistance as 


shown in Fig. 1. Anomalously slow rate of 


formation which sets in after several hours of . 


annealing can be seen regardless of annealing 
iy : 


‘condition. The magnetization curves for case 


"SPECIFIC RESISTANCE (42-cm) 


“0 50 700 
TIME OF ANNEALING AT4G0C 


Fig. 1. 


15Q. hour’ 


Change in specific resistance due 
_to superlattice formation. 


— @, @ and (3) are shown in Figs. 2, 3 and 4 
In the case (1) or (8), the high 
maximum permeability obtained by quenching 


_ respectively. 


from 600°C rapidly breaks down by the superlat- 
‘tice formation. On the contrary, it increases 
“aed by the treatment of the case (2). 
This anomalous behavior can be explained by 
4 se “assuming that the intrinsic magnetization in each 
s has been during heat treatment. (We shall call 
; this effect “domain fixing” for convenience, sake). 
ey When this stable direction is not parallel to the 
a axis, as is the case for (1) or (8), rotation of the 
he intrinsic magnetization from this direction re- 
"quires. some external work. This is the reason 
4 why magnetization curve lies down. When this 


direction is parallel to the axis, as in- the case ; 


i (2), magnetizing process takes place through the 
s displacement of 180° walls and does not require 
» so much work. 


In ease (3) circular field is produced ' 


domain becomes stable in the same direction as it 


100, 
Vs 


50 


10 25 
0 OF elf COERSTEDS) 


Fig. 2. Variation of magnetization curve by 
annealing at 490°C without magnetic field. 


a 
' 


a 


KA ya hE 


eg 2 §>- 


ate? 


OF 1-0 Ls 
+ j Hey (Oe) 7 


Fig. 3. Variation of magnetization curve 
by annealing at 490°C ina longitudinal | 
magnetic field. 


pre Sn Bg Bei Tjek pl RA RS abi ORB ARS ECM 08 iinet 


Ms ae ae 70 15 
Heff (Oersted) 

Fig. 4. Variation of magnetization curve 
by annealing at 490°C in a circular ~ 
magnetic field. \ 2 

3 


Evidence for this description can be seen in z 


_ the behavior of magneto-resistance effect as shown i 


in Fig. 5. It is the change of direction of the 4 
intrinsic magnetization and not of its sense which ~ 
gives rise -to resistace change. Curve b in the . 
figure, therefore, shows’ that the’ rotation does 
not take place in the case (2) for the most Bs 4 
of magnetizing process. 


the AvENS lane ive. to bag ee 5) ae 


2% without, b: Te longitudinal ma- 


" gnetic field. : De reer re ‘ ps ae first touapasi the inter direction a 
“Thus” a ‘total change of specific resistance 


decreases and then changes over to the i 


Bb cen: This final orientation, however, 


om demagnetized to saturated. state gives ; 

information « as to the domain distribution. 

This quantity, ‘denoted by do hereafter, is. pro- 
portional to cos? by ‘where ? is an angle between t 


stable direction of intrinsic “magnetization Bi 


ie which. forms the: least angle is f 
internal Bivens As this happens with. the pr 
bility 1/3, the value Tals reduces _ tod 


mentioned above. 


the. electric current. For the case) of random 


BY ae 
Uy 


without field — 


This sho" oe on 


ment with the theoretical ones, 


om oe x _ 150 Sie a : 
ce OF rete feos? A when annealed without field the ea 


Seong. may be caused by the break-down 0 


domain-fixing effect. When annealed in a long 
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itudinal field, the value increases to 87% as a 
result of one-directional fixing of domains. 

The most striking evidence of domain fixing 
is a linear form of the magnetization curve 
obtained after annealing in a circular magnetic 
field (Fig, 4): This shape is theoretically expected 
as will be explained in §3. Since the suscepti- 

_ pility of this linear part is inversely proportional 
to the magnitude of internal stress, we are able 
to know the variation of internal stress (or 
strength of domain fixing) directly through the 
pehavior of curves in Fig. 4. This knowledge is 
a good assurance for the above-mentioned charac- 
teristic behavior of the domain fixing. 

It should be added that the initial permeability 
decreases rapidly even by annealing in long- 
‘itudinal field, and that it does not recover by 

further treatment (Fig. 8). 
; ‘to breakdown of ‘some special magnetic structure 
- which is responsible for the unusual high initial 
permeability_of this alloy. Slight existence of 
bs ‘superlattice may be a prerequisite for this 


structure. — 


"tas 


_s 


INITIAL PERMEABILITY 


without field 


Oe Searing UNS $0 100 150. 
TIME OF ANNEALING (HOURS) 


i “ Fig. 8. Variation of initial permeability 

Pt s with time of annealing. 

/ Further, the high induction part of the magne- 
tization curve steps down gradually with the 
"progress of order regardless of the field condition 
of annealing. This is probably caused by an in- 
; crease of crystal anisotropy energy, as proved 
by E.M. Grabbe.’) These two ranges, initial and 
final, therefore, are out of present consideration 
: A as far as the domain-fixing effect is concerned. 


_ -§3. Estimation of a Magnitude of In- 
ternal Stress pou ateh 2 for Hornets 
Fixing. 


In order to estimate the magnitude of in- 


This is probably due — 


ternal stress, effect of the external tension on — 
the susceptibility of the linear magnetization 
curve (as shown in Fig. 4) were measured. When 2 
the intrinsic magnetization is forced to turn on” 
one hand by internal stress o;, and on the other — 
hand by external stress ¢ and field H in the direc-— 
tion perpendicular: to o;, an energy per unit : 
volume is expressed by”) 

E=—(8/2)Ao; sin? ¥—(3/2)Aa cos? 0—JsHcosd ay 
where 4 is a saturation value of magnetostrie-_ 
tion, assumed to be isotropic and positivé, J; is” ; 
saturation magnetization, and ? is an angle be- 9 1 
tween J; and H. Then the equilibrium direction © 5 


of J; is given by minimizing the energy, 4 
dE/d6 = —34 (6;—2) sind cos 0+J,Hsind =0 (2) i 

So we have : 
. J=J; cos 6=(J37/3A (¢;—«))H - (8) ; 
: 


which gives a linear magnetization curve. An $ 
extrapolation of this linear part intersects with : 
J=J, line at a point with abscissa 3 


a 
Hg =34(o;—0)/.J- (4) 


The linearity of the observed curves as shown § 
in Fig: 9 agrees with the theory but for the fact if 
that they do not pass the origin. if, however, - 4 
the first rise in the magnetization curve is due ; 
to a magnetization of the region which has not — 4 
been affected by the fixing effect and is con- § 
sequently easier to -magnetize, the value Ho 
should give the theoretical one regardless of the bs 
presence of such initial rise. Values of Ho 
obtained from Fig. 9 are plotted in Fig. 10 asa 
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Fig. 9. Effect of tension on the inact ; 
zation curve for 21.5% Fe-Ni alloy an- 
nealed for one hour at 490°C in: a eireular 
magnetie field. Cp aa rye) wien 


"flattens down by external ‘tension as shown 2 
Sei de 


dotted tines: sons the Hs —o curve sno 
He: 12 the sine of o; is found to be 0. 22. : 


lin 2 aaa. its: intersection point with abscissa give 
> value of a “and oO; respectively : 


gs 222. 7x10- af a kg/mm®. ie Se -ie dyne/em’, Ne AE is foand ua ie 0.2 
oa _kg/mm* which is in good agreement | wit 
“ observed value. ohne the ans E estimation = 


substance. The: ‘ares descrepancy may gee 
Eherecroristlen of the punerinitice alloy. 
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Fig 10. 1 Vatiation of. He and do . with 
ee tee Cf. ae 9. 
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tion to his. procedure. ‘The value of % may also Fig. 11. ,Effect of tension on the 
Shae gation curve for 15% Fe-Ni 


Ga tab § 


since: the. ma etizati a curve rises” 
mPa a ‘ two sorts of annealing. 
a i tension of ‘the same order. peat Mest teem é eT 


4 unexpectedly see. as owporabaired ap : 
FOBT ae 
The ; Oe 


n is: as s follows: 


ee stable. _ Comparing this clastic energy - 


tension. CE, Fig.’ IL 


“this estimation. ae ange Waele gation should be a deformation in ‘lattice, whether i 


3 ilar experiment. was carried. Sut for 15% it is caused by the stress or by other. factors. i ; 
a in which eet formation of superlattice is The stress of 3.4 kg/mm? i is equivalent. to a strain a 
ene this allay” has a ‘. of o,/E=1.7x10-‘1. This is found to be tle same > 
order ag the fractional contraction of lengtl 
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observed during, superlattice formation. 
shows a change of length in 24.19 Fe-Ni alloy 
measured by dilatometer while maintaining the 
constant temperature of 490°C. The total con- 
traction of length is 4.4x10-4. It may be con- 
eluded, therefore, that a mechanism of domain 
fixing is closely related to a volume change which 


- takes place during superlattice formation. 


50 100 (50 
TIME OF ANNEALING (HOURS) 


Fig. 13. 
+ superlattice formation observed ‘at 490° 


Contraction of length during 


C. for, 24.1% Fe-Ni alloy. 


ay. Hotation of Fixing Direction and 
Relaxation Time. 

“Investigation was made upon the changes of 
magnetization curve when the sample which had 
_ previously undergone the domain fixing in one 
direction was annealed with the. field. of other 
direction. The mathod is as follows: The speci- 
_ men (21.576 Fe-Ni) previously annealed in ‘a 
q circular field for desired time is inserted into 
4 - the 490°C furnace with a longitudinal field of 20 
‘ 


i Oe, annealed for 5 minutes and then quenched 


on a copper plate. This five minutes’ annealing 


" is repeated until the magnetization curve ceased 
) to rise any further. The curve measured after 
each annealing is shown in Fig. 14 for several 


stages of! superlattice formation. 


Rotation of 

fixing direction occurs very quickly at the early 

: stage of ordering, but it reqires several times 
¥ 

i's of. annealing at later stages. 


The course of 
_ change of H- and 4p for all stages are sum- 
Me -marised in Fig. 15. ‘The value 4p does not change 
Be at first, although Ho decreases rapidly. This 
means that the fixing strength alone at first 
i decreases while maintaining its original direc- 


tion, then its direction rotates towards the axis. 


Fig. 13 
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Hey (Ee) 
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‘ Fig. 14. Variation of magnetization curve 
due to rotation of fixing direction. 
Curve a: annealed in circular field, 6: 
then annealed for five minutes in long- 
itudinal field, and so on. Number in 
the figure means total time of anneal- 
ing at 490°C. 
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Fig. 15. Variation of Hz and 4o with time : 
of annealing. Cf. Fig. 14. 
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4 
Eq. (4), where o=0 for the present case, there 
for, is valid at the first stage where 4p remains: ~ 4 
unchanged. So, the relaxation time is determined 
from the initial decrease of Hs curve. This te 
ploted in Fig. 16. It increases along with the — 
progress of superlattice formation, but secre 
to saturate as it approaches perfect order. If’ ; 
the domain fixing were to be caused by the in- ; 


ternal stress Cais by local growth of aks . 


rapidly at the later stage of annealing. We had? D 
better consider the relaxation time as Bonne: nt. 


ae ‘of two. sorts | of. atoms. in the 


AL: J.F. Dillinger ‘ad R. M. Bororth: 
ies, 6, (1935). 279, 285. Para eo, : 
boy Oi; erent aes ‘© ‘Metallikunde 


Oa Te 

TIME OF AWNEALING (HOURS). 
ig. 16. Changes in'relaxation time tr, Ho 
~ and p with the UE OER EP of superlattice 
formation. Rieu ite Pie A 
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; oe It is seen ‘that: oe ae 
Bead’ ts relation! ‘to the a Gorton: ce 


T e-mé n be measurements fete were mate. at 
ey : ; pPreve its arene has been made. 


§: 2 Magnetic Properties at. Blevated 
Fem esracetes 
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alloy, same as described in the preceding paper. 
‘The method of magnetic measurement is the 
usual commutation method. The secondary coil 
consists of 707 turns of copper wire insulated 
by alumina and mica. Fluctuations in the read 
of the galvanometer were completely avoided by 
inserting an earthed copper plate between the 


furnace and field solenoid. All measurements of 


magnetization curve were made at constant tem- .- 


perature. 

The sample is firstly annealed at 1000°C’ and 
then quenched from 690°C. When this is heated 
in a longitudinal field of 100e, the magnetiza- 
tion curve does not lose its high maximum per- 

| meability even when heated at the ordering tem- 
perature (Fig. 1). This is doubtlessly caused by 
To 


detect the occurrence of domain fixing more clear- 


domain fixing’in the longitudinal direction. 


ly, a Similar experiment was made by heating 
it in a circular magnetic field** (Fig. 2). The 


- fixing of domains cannot be observed below ap- 


~ 


0 Oem 


1-0 
Hey. 


’ Fig. 1. Variation of magnetization curve 


1:5 de, 


'__ by heating in a longitudinal field. Preliminarily 
_ quenched from 600°C. 


° 


0. 
; Hest 
Fig. 2.. Variation of magnetization curve 
by heating in a circular magnetic field. Pre- 
any agenches. from 600°C. 


** This field is produced by a D.C. current flowiug through 
the specimen rod itself, as described in the preceding paper, 
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W. Elmen() and by S. Kaya. 


Hetf 


Fig. 8. Variation of magnetization curve 
by cooling in a circular magnetic field from 
above 600°C. 


* proximately 400°C. Thereupon the curve suddenly 


reveals a linear form which is characteristic for 
When 
cooled from 600°C ina circular field, it gradually 
reveals a linear form, as shown in Fig. 3. “The 
curve varies almost reversibly when reheated, 

To summarized these results, the energy W 
required in magnetizing to saturation are plotted 
as a function of temperature in Fig. 4. This 
energy is obtained from the area surrounded by 
the magnetization curve, ordinate and J= A 
line. It is interesting to note that the curves 
6 and ¢ fairly correspond to the initial permea- 
bility versus temperatute curve obtained by re, 


the domain fixing in circular direction. 


FR Oye Pe OR EAP 


. Caner ¢ 


200 300 40 
TEMPERATURE 

Fig. 4. Variation of W and Js with: 
temperature. a: heated in a longitudinal — 
field, b: heated in a circular field, ¢: -coold 


and heated in a circular field. Cf. Figs. 19 
2,.and 3. 


0. 100 


CARPE eater a ne 


ite: 


It must be pbiead that the magnetizati mn 
curve measured above 350°C depends upon. the 


time required for measurement. For insta 


; whenadied at several temperature. 


J me ization varies with time’ The specimen 


as. shown in “Fig. 5 (a). This corres- was previously annealed for one hours at 490° 1619 


Ponds to the variation of the magnetization curve in a circular field. The results are shown in 
from ae to. B in Fig. 5 (b)... This obviously is Fig. 6. The curves without tension were exactly 
ue to the rotation of fixing direction from per- _—_ reproduced after the maximum tension was re. 
pendicular to- paredtel to the axis, as ‘explained - moved. The values H, were obtained from the. 


in §4. in the ie aah paper. The relaxation intersection points of the J=Js line and the 


time obtained ‘from. Fig. (a) is a few minutes. _ linear parts. These are plotted in Fig. te: “aa a ith 
This i is the same order as obtained in the preced- function of external tension a. Each. statisti 
ing paper. Pian ; : , the expected linear relation. The derived valu 
f of 4 and o; are tabulated in Tab. I.) Ae 


0. 1030300 G2 OF 

TIME (Wn) = sd Hes beh phe 
Fig. 5 (a) Time dependency of the intensity 
of magnetization at 0.6 Oe of external field, 
observed at 490°C, (b) The corresponding: vari- > 
ation of magnetization curve, 


‘Therefore, the circular field was cut off only Heft (Be) 


when the measurement of each point on the : Fig. 6. Effect of tension on the magne 
. tion curves at various temperature. Spe 
: magnetization curve was made. The relaxation / was previously annealed for one hour a 


time, however, Seems _ to increase rapidly with ae eirculey faaenctie felt / 


_ the decrease of temperature. In fact the domain 
4 fixing does. - not take place below 850°C during 
‘the time interval required for measurement, as 
ean be seen from curve b of Fig. 4. Neverthe- 
less, the magnetization curve in Fig. 3 continues 


to vary “below this temperature and gradually 

approaches the ideal linear faniae This can be — 
explained for some extent by referring to the 
change of magnetostriction which i increases with 

the decrease of temperature. However, while 0 
the. energy W, which should be expressed by 
; (3/2) dot here, varies more rapidly than the 


10g Kaan) 


Fig. 7. Ho versus o curves for variou 
temperature. cf. Fig. 6. 


magnetostriction (curve. -¢ in Fig. 4), ‘it seems 
“to be inadequate to account for the behavior by 
considering the change of magnetostriction “as 


ca principal factor. 
In. order: to see how the internal stress o; | 


itself varies with: temperature, | the effect. of 
| external tension on the magnetization curve was 


s oe In this expression A is a seiretion value of the 
a magnetostriction and 6; is the internal stress responsible for . 


domain fixing. Cf. Ea. © in the Bees paper. 


of the internal gerane pee by 


mn 


p ped on the way of cooling, subsequent plastic: 


Ba poet 


wise to the resumption AG 


Of fixing: strength i S 
_ Further ih to pict 


A 
} 


TF 


ig in a eieatie field pa 352°C and 
tudinal field below 852°C. 


rhich has also been confirmed by Ww. Doering “4? for 
fol ws from Eq. (3) of the preceding } paper 


B eeaiii Nae a 


¥ As such cosets s 


rauilitude of internal ‘stress at 490° ‘C ea 
obtained ek extrapolating hs values ans 


ae 


‘ 


iy ae =yule 


ice fractional pes of “length 


"the preceding paper. ‘ or Sg 


; fet r I ; , / 


ts, 


eer 
7 


OF atoms can cceur, there Sach no 


’ 


"connection with =< 1 


30 ght ee be 


Le 


lanation 


en +5, 


: order, will, ina manner, ipedsa'™. 
able amount of work by” the external, field. 
then be Slaten to rotate the intrinsic magn) 


become searce. The lack of ne pairs will « 


a break- down in the directional order and, con 


-equently, in domain fixing. if 


ink in “the lattice: itnoucs any pabrde: pair, larger for ca pects pairs than like. 


in ‘the same manner as the spontaneous magne- pairs, the cooling process will. result in 
_ tostriction but about 40 time larger in magnitude crease of the. strain of directional order. 
R. ‘Becker and W. Doring®: attributed this de- | 


not altagether unnatural. fe es 
_ Thus the GeeceiDtIOR based on th 


, we can. a Asepibe the contraction of tits 
‘ slight difference of the ear length, shorter 


centration of like-etord pairs in one alestion 3 is. 


pee? than the other, ait Lainey will be deform- 


ietaiae the ftir’ 


1 t “directional order ’’. 
ce eh the “per: dongths should be the 


ae ae sata cated cs magnetostriction » eounter- 
; palaneed. by. elastic force. ‘When the alloy: is 
annealed at the temperature where the ordering 
of atom takes place, the magnetostrictive force 
should favor the. directional ordering of atoms 


- which has a strain’ in the same direction and of- 


: the same sign ‘but of larger magnitude a me formation. Each curve corresponds to the me-— 
“usual magnetostrietion. ‘After the specimen is. asurement along the each arm, parallel or per-. 
- cooled to. a temperature where the re-arrange- — pendicular to the field direction applied during 
; xt of ‘atoms © cannot: take place, the directional annealing. ie ae 


the eadciSreniaterss effect with apie 


2 if men’ 
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the purpose of reducing the demagnetizing field 
and annealed at 490°C with a magnetic field of 
300 Oe, applied parallel to one of the arms. The 
field was continuously applied during the quanch- 
ing process. The electric resistance for each 
arm was carefully measured by observing the 
potential drop between two fine dots as shown 

in the figure, employing a current of 445mA. 
The measurements were carried out for de- 
magnetized and saturated (parallel to the current) 

: states. 

/  (20.4° ~20.6°C) during the whole measurement. 
The fractional change of the resistance is 
shown in Fig. 9 as a function of the time of 
annealing. Value 4 FR in the same figure signifies 

a change of resistance from demagnetized to 

- Saturated state. 

_ place, the 4 R value measured along the fixing 


When the domain fixing takes 


~ direction should decrease and the one measured 


perpendicular to it should increase. The observ- 


ed carves show this tendency. If domain fixing 
Wt is due to the appearance of directional order, 
' which has more unlike-atom pairs in the per- 
_ pendicular than in the parallel direction, the 
. resistance should be smaller for the former than 
the latter direction. 


but no difference can be seen in the early stage 
where the domain fixing appears markedly as 


seen from 4 R curves. As the directional order 


* atom pairs, which is classified as ‘short range 
order ”’, this result is reasonable, for such “short 
range order’? has no considerable effect on re- 
- sistance. As ordering proceeds and the periodicity 
i. , of atomic arrangement becomes nearly perfect, 
_. the small number of residual like-atom pairs may 
Rr, affect the periodicity in a way as to give rise 
' to the small difference of resistance. 


i If the origin is thus related to the short 
/ range order, domain ‘fixing should also occur 


§ 5. Conclusion. 


The temperature was kept. constant - 


The result shows the ex- - 
' pected difference in the latter stage of andealing, ° 


is characterized by the concentration of unlike- 


when annealed above the critical ordering tem-" 
perature. Experimentally this has already — 4 
recongnized by J. F. Dillinger and R. M. Bozorth® © 
and by Y. Tomono, although no interpretation — 
from the point of view of superlattice formation : 


has ever succeeded for it. 3 


RO et ir 


The domain fixing takes place above 350°C. 
and its fixing direction cannot be altered by any” 
treatment below this temperature. The fixing 
strength, however, increase gradually in the ori- 
ginal direction .as the temperature decreases. 
The description in terms of “directional order oe 
gives a thorough explanation of all experimental 
facts. A trial to prove its existence directly by 
measuring the resistance change yields a self 
consistent result but failed in giving a conclusive 
proof. In order to. obtain a more distinct proof 3 
and to examine its character, investigation must 
be made on a quantity more, sensitive to the. 
short range order and possessing directional 
character. Unfortunately the writer has not 
yet been informed of such a quantity. . ‘4 

The writer wishes to express his sincere 
thanks to Professor S. Kaya for his ready advice | 
and for stimulating discussions throughout the 
course of this work. 
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Introduction. 


- It seems to be very important to know about — 


ete of electrons in B—K _ tubes when the 
_ mechanism of rectification and oscillation is to 


a considtred more or less quantitatively. In 


Be 


1938 Gundlach and Kleinsteuber in Germany 


ublished a paper), in which they described 
caleulations based on the assumption that ele- 
‘ trons could enter the retarding field (grid-plate 
space) only a single time, almost all of these 


ectrons being captured by the grid wires when 
they were leaving this space. 
irly good agreement between the theory and 
experiment. Their assumption was based upon 
aths drawn on “the -equipotential maps which 
were obtained by means of an electrolytic tank 
with an “eine bed model of their B—K tube. 
s is to be expected at once, the space charpes: 


A he interelectrode spaces do not manifest their 


parently, no previous investigators except those 
“quoted above have studied’ the problem in very 
great detail. 
udy of this problem during the last war, fol- 
lowing the method employed by E. G. Linder for 


_ The present writer undertook the 


the case of magnetons). Somewhat interesting 


sults were obtained. 


Te: present paper eoncerns a B—K tube 
to which only electrosatic fields are applied, and 
pe 


the case of superimposed high-frequency fields 


scussion -will be directly applicable to such 
Des as ionization gauge and reflex yeteen 


. pact of ‘ike oral publication mindé’at the-Well-Mect: 
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They claimed © 


graphical calculations | regarding the electron 


ffoct at all in this case and there is likely left : 


e room > for doubt in this connection. Ap-. ‘ 
electrons under ee conditions. 


ill be discussed in a forthcoming paper. The coming wave of wavelength 58 em, the voltage 


f Japan held in Tokyo on November 2, 1948. 


§ 2. Construction of and Potential IL 
tribution in the B—K Tube. | 
The B—K tube used in the present experin 

was constructed as shown in Fig. 1, in’ 

K is a filamentary cathode of tungsten 0.05 

thick; G is a grid made of molybdenum, : 

of mean diameter 3.25mm, pitch 1.5mm, 
thickness 0.25 mm ; P is a mesh plate (about 


apart; and C is a collecting electrode Be ne 
diameter 12mm, made of nickel plate, the lat 


being used for measuring energy distrib 


electrons from disturbing the operation of th 
tube. Great care was ppd to mount these as 
possible. 

As is to be explained elsewhere, when the 


tube was used for reception of a very weak in- 


of the electrodes at the optimum receiving cou ty 
dition were, for example, V, = oa otter Vp =0 Phi 
volt and V.p = —150 volts. As the grid satura- 

tion voltage is of the order of 60 ~ 80 volts:(see, 


gt 


imum condition. 


bution in this space is given by . 


coy in in) »; 
v= Yan (role) fet (l) 


the plate a virtual cathode where the 


t9(— Bo)? 


ngmuir’ s coefficient for the cylindrical 
an outside cathode and an inner 
nd (—Bo) 3 is the value of (—8) for r= Tq 

shows the potential distribution curves 
ained from (1) and (2). 


Cylindrical 
--- Plane f 


Ci0v) 


| GO34e) ~ P(ov) 


Electrode Spacing 


ig. 2. Potential distribution in the B— K 
3 Una 


‘for urible: Fig. 2), we can “safely neglect the 
et of space charge in the K— G space at the. 
Therefore, the potential 


; 3. 1. Calculation of the Mean Number of Ek 


he gid’ plate space there. is feuteiess very _ctrons exeaute pendulum motion on the average 


“Assume tl that a fraction 3 of an electrons, em 


ed ata Bet positive pect Voi is ane ré 
v= meee “BF - ee 


as ‘the same meaning as in Eq. a, ; 


The broken lines 
same for a plane electrode system. — 


ay sci from the cathode tealone u 


tds assumed to be captured). 
for their passage past the cathode + 


with the former arrangement. 


S35: Pendutust Motion of Electrons and 
Space Charge in the B—K Tube. 


ctron Oscillations. : Pein 4 


We shall first consider how many times « ele- 


Bs 


through the grid openings in ‘the B—K tub 


_ Fig. 3. faemnor ME cisceebrie: 
_ by the electrodes. Se 


i avi 


ee oi doe) igre’ wire yar ‘re 
of the cathode. The Se 


to any appreciate Sane LV 


During that nie, mnedion another 


a peatands 8 fol a—aa— hae 8)\(1—r) for the 
ake of brevity. It is assumed here that the 
: raction lost on successive revolutions are cons- 
tant.: This is probably not strictly true, so that 
tt, 6, 6 and 7 should be regarded as mean. values. 
Pit is of s some interest to consider some particular 


‘eases at this place. (1) Ife=c=d=7=0, then n=. 


This means that a very small 


i: 


filament emission may cause a large space charge 


ations. before being captured. (2) Ti aso ='1, 


‘electrons were | captured by the grid or plate, 
~and nearly corresponds: to the case of a B—K 


ca 


vee piteh. As, will be shown later, it is safely © 


Ee. 
a snately. as follows: 


ay 3 t ‘ ; 


i! 


q 
] 


a assumed that o=0and7=0 as compared with 
& 

: if Now, ; of ‘these anja — ES ‘electrons’ leaving 
the cathode region in an interval of time dt, dN- 
: Ja— -7), are captured by the grid directly and the 


remaining. electrons, dN(l—2)/(1= 7), penetrate 


ic 
5 


“he 


tion as ~o) of these electrons is pushed back to- 
ward the grid, by which a fraction @ is eaptur- 


grid openings toward the cathode again. Let us 


3 _denote the. transit | times. of electrons from K | 


* to G, from G ‘to P and from K to’K via G and 
E. P by th Ty and t= etn), respectively. | Then, 
_ dNar/(1— ») t is the mean number of electrons 
making one entire trip, taken. account of the 
; electrons landing on the grid on the way from 
Ex: to P. Since ¢=0 (see below), the mean 
"number of the pieaeors: captured by the grid 
7 on the return transit from P to K, averaged 
over one entire era is given a fhe esa 


74 


‘by virtue of the electrons making many oscil- 


then n= aN. This would be the case if all the. 
EP ‘tube with | a grid of very thick wire and very - 


“unity, so that in pe cases 7 is put. approxi-- 


| througth the grid openings into the G—P space. 
7 “After approaching the plate very closely, a frac- | 


a= d—at— 2) ‘i cM cn | 


; ed. ‘The remainder, a— 8), passes through the ne 


‘making one complete radial. oscillation is 


_ one radial oscillation is t, the total m 


above, Laecs 


of, radial oscillations of the electron 3, 
may be ev by N= Rr- SAIN 


the dimensions and the voltages of the 


Hye oe 


_ pectively, a fairly good agreement among - these | ae 


by the sum of these as follows: 


dN 1 Ben 
rire it re ara ata ae 


. Since the time taken by electrons to comp! 


of electrons existing in the interelectro 
ae any instant, is t/t. times the. value given 


ont 


N= {ar +(1—a)(ry-:2r,)8-4-(1—a)(1—8) 


On the other hand, denoting the me: 


eee 
i ee 7 ee —a).8 EEE 


By knowing the values of «, 4, 7, ge t 


given, we can deduce from oa: @r 


only to the voltage condition : / 
Vp =0 volt and Ven = os —150 volts. ie 


x 


Determination of 7. 


as functions “oF the grid sitern Ve snail % 
(Ig+Ip+-Ic) ig calculated. This is shown rae 4 
While the measurements we 
0.66, 0.68, 0.70 amp. 


by a full line. 
condueted with y= i res 
three curves was observed. The end-plate voltage ; 


Vep was kept constant throughout the ae 


receiving condition. 
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ments at —150 volts with respect to the cathode. 
This gave the highest sensitivity under receiv- 
ing condition. This «/ must, however, not ‘be 
used in place of «, for the former was obtained 
with V, = V,=V., while the plate voltage V, 
was kept at nearly zero voltage in the actual 
: When V, = 0, the effective 


potential on the grid plane is somewhat lowered, 


and the grid voltage must be raised by the amount, 


V,/# in order to attain the same effective potential 
on the grid plane as before, 4, the amplification 
factor of the grid with respect to the plate, be- 


ing nearly equal to 6 in the present case. The ’ 


_s-curve in Fig. 4 is thus obtained, and is consider- 


ed to represent approximately the absorption 
coefficient of the grid for electrons moving in the 


; ~ direction K — P. But in reality, the irregularities 


i. ‘in the field distribution in the vicinity of the grid 


’ wire are likely to act in fovor of a larger value 


4 of « than that obtained above. 


x 


.% 0.166 at Vz = 134 volts. 


0.86 


O 20 40 60 80 


1Q0 120 140 
G in volts 


Fig. 4. Determination of . 


_ The s-curve in Fig 4 shows that the value 
of x decreases gradually on increasing V,, giving 
While this value of 
x is somewhat smaller than the screening factor 


of the grid (0.25/1.5 = 0.17), the discrepancy be- 
tween these two values is perhaps attributable 


to deformations of the electrode structures and 


also to secondary electrons emitted by the grid 
The fact that the value of « becomes. larger for 
the smaller values of V, might be due to (1) a 
potential minimum formed close to the grid by 
space charge in-the grid-plate space, by which a 
part of the electrons having had chances to 
escape capture by the grid wire is forced to turn 
back toward the grid again; (2) the increase 
of. the effective diameter of the filamentary 
cathode due to space charge : all the space charge— 
limited cylindrical diodes with 7j/rz >10 have the. 
same capacity as a space charge-free one with. 
r,[re = 4.5 ; and (8) shift of the virtual cathode 
initially located very near around the filament 
toward the grid surface on decreasing V5 On 
increasing V,, the value of « is likely to tend to a 
This is what it ought to be in the 
temperature-limited region (current division be- 
tween the electrodes). It is at least not un= 
reasonable that there is little discrepancy between 
the curves x and x’, if we take into consider= 
ation the facts that the B—K tube under consider=- 
ation has a concentric structure with very thin 
cathode, and the field intensity near the cathode 
is so'strong that paths of electrons emitted from. 
the cathode are determined mainly by the field 
distribution right around the cathode without 
being influenced appreciably by the field irre-. 
gularities around:the grid wire. In Fig. 5 re 
shown the field -distributions in a B—K tubes 
measured in an electrolytic tank with a moder 
about twenty times larger than the real one in 
question. These serve as an illustration of the’ 
relations above mentioned. In this figure fou 
patterns are shown which correspond to V, = , 
60, 100 and 140 volts respectively, and in san 
case with V, = 0 and with space charge neglected, 
_ In Fig. 4 is shown also the curve (1—2), a 


definite value. 


transmission coefficient of the grid for electr 
moving in the direction K + P, which gives sa | 
value 0.844 at Vy = 134 volts. % 

We shall next consider the ‘determinate 
of «. By connecting the plate P and collec 
C, respectively, by ammeters to earth potenti 
and giving the grid +V, volts the ratio o/ 
(Ip+I,)/Ix(1—2) is calculated, where heal, +Ip+Ie 
Strictly ret aes the true value of 9 a is email 


1 Mile 10 


nto ‘the zrla-plate, space is not ha— —a) but 


Tod =#/a— —m») and so it is quite safe to take up 6 


a! in place of « in order to see, if a would be of rsa 


such an. order. of magnitude as to be negligible. 


e results of experiments are shown in ‘Fig, 6:7 


The reason the value of o! for y= 0. 70 amp. is . 
2 ao than that for ue 0. 66 samp: may al be 


ae in. tum exercise larger, Biot upon the 4 
ae of ‘electron pe in. the exit plate 


faa Eoiaeat as” ‘mentioned above so 


initial velocities 00! 
a elegtrons: having higher Rat aOR esr 
in | relative number in he epee, . AY Ay jnvootts 


100 120 140 


Fig. 6. Determination Of a, 2: 
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hi is nedligibly ee as compared sae Oe 
ae oe the se EHOR, coefficient of the cathode, consideration. This point was also confirmed ex- 
perimentally by probe method. 


In the space charge-— 
Pectan the space potential near the 
de is lowered \ very much by the space charge the effective Bite for the case of ‘the eur 


it helng below that for ae ease of the curve. 


‘om. C thé . : i grid plane equal Yi the path cases the abscis: 
n ie ’ for the curve r must be shifted to left a, 
if the initial velocities of the 
ABATE, 


an Sravelent eae whose — ieee Panations hold good, ty. vetersing t 
thode respectively coincide withthe 6): . : 


for Curve I, hea GY, 32 


gl? for Curve I, wae = = WV 2 + 
7 
wellmnown Langmuir s coefficient 
putting Ie Ty , 
; ty: 
_ WylVpVme ‘ ; 


“lr-m 
Pa i 


| Referring to 0 the curves 3 and i I 


is’ GO calculate. Fe which: ‘is lend 
a function of the ee voltage , 


| cine 3 & 0, 43 ‘ena Ate = = 0.6 ‘at Va 
volts and Vp = O volt.” . 


gh ape 
beng: 


space  dorecaete 
» Inerease of space: charge by virtue - closely than the: ; 
of oscillating electrons. Cay uaeee $ the field intensity ne near ‘the intu 


fig 


the grid in the foniior case is responsible fo 0 


' this result. 


Re he grid wire act in favor of increase of 6 rather 
than «. \ 


- Thus, ‘the Painee of y and 1—7 at V,= 134 
ts and Vp = , volt are given by, | 


a= (al -8) = 0.81 | 
a alae ~0. 49 } : (10). 13 per cent three revolutions, about 7 per ce 


-? 


a In “caleulating the transit. times of ele- five times. 
e ctrons between the electrodes the grid voltage In pancinsiont the writer wishes a a ss 
peal aie iy 
a -V,, itself may not ‘be used but the mean grid — his,sineere thanks to Dr. T. Okabe for hi ( i 
voltage Vomean as shown by the dotted line in guidance and to Mr. M. Yamamoto for’; 


: Ee. 2 must be adopted. By Searhnis to Fig. 5 sistance in making the sample tube. His bes 
i thanks are also due to Dr. M. A. Pomeran 

Transit time t of electrons ‘ Bartol Research Foundation of the F 
Becta K to G is calculated by the formula derived —_ Institute, U.S.A., but for whose kind cor 
” by Scheibet*) and is equal in the present case to for many grammatical mistakes the. ‘paper 
pty = 3. ee while the transit time r, from ‘not have taken its present form. 
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Dispersion of Ultrasonic Velocity in the Liquid Fatty Acids. As, 
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By Yasaka Wana, Sotoshi SHIMBO and Minoru Opa. 


First Faculty’ of Engineering, University of Tokyo. 


Wey te aay iets iat eakkpe February 15, aa): 


“Introduction. 


sound velocities in the two frequency ranges, 
0.24-0.27 M.C. and 2.4-3.4 M.C., and the disper- K 


sion was ascribed to relaxation of the dissocia- " 


® a Mery little ts known about the dispersion of 
‘of ultrasonic velocity in liquid fatty acids. The 


ms information was given by B. G. Spakovskij( | 
in the case of acetie acid. According to ne results, tion of a dimer to monomers with a relaxatiop a 


time. of Aosrseeul 
dustrial use, containing water, and was yellowish, 


was observed in higher temperature 


But near the solidifying point the sound 


ultrasonic interferometer, which was 


in our eeous paper? The vessel, 


e vessel is directly observed by means 


The measurement is carried 


ocouple. 


ae ‘ig. 1 shows a schematic diagram of the ap- 
ratus. The frequencies of the main oscillator 


“But the sample was for in-_ 
between them is wnigtined and ‘trans! 


‘a micrometer screw towards the quartz, the fre- 


; frequencies 0.61, 1. 00, 1.45, 2.12 M. Cc. as the fa 


from. the high temperature to the 


When the reflector is s moved b 


a loud-speaker. ‘ 


quency of the main oscillator and accordingly 
the pitch of the beat vary periodically. The ie 
wave length of sound can be determined fron 
intervals of positions of the reflector givin, 
the maximum pitch of the beat. The intensit 
of sound is adjusted by varying the plaid voltag 


of the main oscilator. , 


Fis. 1: Schematic diagetnl of the sipatataal : 
R: on agli Q@: neers plate. 


plate are Pe kf eT 3mm, pat. 


To teak” the 
AS of the orrane some preliminar 


as the first pie aa 


50° C) and cetyl aleohél: OP: aise The re 
show no dispersion and the sound velocity flee 


 ases bcbg with temperatnnes ame eo 


\ 


“pallderich appearance. ) 


S 3. Results. ; oe 


ota ae the eee 
point. nee isiy i 

As alread nientchied: in the int 
this paper, the observed sound. 


higher geste mana s Bene Bass 


n pesnedaeney 5 which is the | 
: 1.0, 1.8, and 2.6 


locity decreasing with frequency). Reha ay 


point of view, however, it may be ascril 


2 4A) Roe acid 
ee) Temp.(°C). Goi 


Me a 
Freq. (M.C.) 
fe OObe 1264: 
POON 207 hi 
Wp trAae: OES: 
2.12 1260 


a 6.28 | 
as ©), -Laurid seid. 
Temp. 
2 i 
Freq. 
0.61 
~ 1.00 
S22 
2.87. 
Pee eS ie 


‘i é 
moe -0))+ W207 


B= 


to the sound intensity. é 
The vibrations of the groups cause hemselv sees 
to dissociate into more disordered (i 


state and _ consequently increase the 


amount proportional to the intensity of 


brations. Denoting the pressure and the 


Lauric acid energy as p, and uu respectively when 


(40°C) exists no sound, and » and « when the s 


Pen ee. PG READS We TOTEM eae 


ie hee passes, it follows 
ate a5. we (Mc 5 : 5 > 
aS i eaee ae p= pol, TH+ KD?) 


pric: nas Dispersion of sound velocity in and 
. fatty Beide: oe “= u,(v, T)1-+kD*), 


Fiophe er hi is a ‘constant. “The felations among eS ( 


esimal change of pressure, volume and. 


ae 747) (L+-kD* ) 


n dv +a du Mar) a4 (1+kD?). 


e for an adiabatic process 


hus —pdv. 


» (6) and (6), the sound velocity V, given 


very Giekaaae awaver, to assume, 
tactic groups have their proper fre- — 
oe ow as a few mega cycle and the - 


yi ; ; sete 
should be much obliged if the readers — 


Saeine acid on wna intensity. os 
@: 2.12 M.C. 1.8 W/em? TAs 
“xX: oe C. 0. 5 Wem? nan 

O: 


5 trouble to determine the aehing 


samples. aR sk 


K : 4 revel 
\ ; oy ney atest 
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ES. Introduction. aohe 


S ; The author has reported on the fC ioperaiee 


4 rectifier in the. temperature region higher than 
the room Lait sae and how ‘influenced the 


slectric formation on the characteristics of recti- 


fication. , , According to him the current by tunnel 


a plays an important réle ina case of the selenium 
4 rectifier and it makes natures of the rectifier 
: worse. As the latter current decreases exponen- 


onstaney of the former, measurements at low 


pi uous about. which we hope to know i in detail. 
On the Giter hand, the manufacturing process 


mprove_ the characters of the rectifier and it 
as been concluded() that the process diminished 


pots where the berrier layers were thin. 
En order to ‘study on the electric. formation 


s 
4 precisely, it is desirable to measure the charac- 
g teristics of \ ‘the eas at low temperatures. 

ig 
: 2. i Description of Experiments. ' 


‘The selenium rectifier which is used for me- 


_ asutements i is manufactured just in the same 


q way as the one reported in the preceeding sur- 


me 


os yey. Its area is 2.0 cm*. Measurements are 
pe 


carried on as follows : the easy and hard flows 


for various d. ce. voltages at each temperature 
q _are “measured and the duration of applying. vol- 


and the Blectre 1 Formation. 
Bee Tae . By Masao Honea 
_ Matsude Research. Laboratory of the Tokyo Shibawra ii heabirae Co., Ltd., ‘Kawasaki. 


Stes April 29 and Nov: 8, 1949 ; Received, March 4, 1950) 


variations of the rectification of the selenium i 
_ following discussions. ie 


ae a ast type of sania air thermostat | 


; effect superposed on the one of thermoionic type@) 


- the’ vessel is substituted by, ¢ dried air. 


ally. with decrease of temperature, inspite of 


temperatures will. make the tunnel effect con- 


electric formation is a very useful method to” 
voltage versus current curves. 


he tunnel effect which took place through local ! 


‘and hard flows before and after the f 
are shown in Fig. 1 and Fig. 2. The 


‘current is observed owing to disappearanc¢ 


a tage is maintained so short as a few seconds © 


cannot. disturb results so much especia ly 
the high inverse voltage. The reproducib ity 


not very good, but no obstacles appear 


The thermostat which contains the Se 


vacuum from the putside liquid air. Th 


erature of the sample is measured by a 


constantan thermocouple and the atmos ne “e 


y ota 


same material as the one vee POR: the rectifier 


veginenined at each bietede are elimi a 


§ 3. Temperature Variation of the 
Flow. Th 
The results of the. viddatieernente of 


teristics of the rectifier in the : temp: 
range higher than about —30°C are sal 
ones reported before. Namely there appes 
rents by tunnel effect superposed on cur: 
the Mott’s type. While in the temperature 1 
lower than —30°C, only the former typ 


the latter as expected: 


voltages to the one at higher temperature. The 
reason of this effect is not yet understood. The ~ 
author tried to calculate theoretically by assum- i 


ing that the electron distribution in the barrier — 


Masao. TOMURA. 


oe ae 


Fig. 1. Characteristics: of the hard-and easy flows before 
the electric formation. ; 


Hand flow 


anes if 
TTT 
LEA | 
(prt 


fips quasi 


Fig. 2.. Characteristics of the hard and easy flows after 


the electric formation. 


thickness of the barrier a ously( ; rectification aets on the Mott’s typ 
: “but failed, to explain so large tem- 
atu e dependence of the effect (®), Perhaps — 
itive holes accerlated by a very high field will 
ce this problem clear. me gah a . i 


higher temperatures and on the type of tu 
effect at lower temperatures. 


§ a Characteristice at Highe Reverse ~~ 


i f 


_ Voltages. as aie ck tag A 


At high reverse Polson the tunnebeffoot con- r os 
verts into the field emission, for the internal field a 
in the barrier layer becomes so large such as ; = 
10°~107 volt/em. Thus we can use the next equa- ite Pas 
tion for. the hard flow at high voltages. OT ees pedis ie 
es year exp {-a6¥,)") oe esd) g 

a a 
=o co oe x a hia’ hgh 


Here 4 is ‘the current fay field emission, #” the 


internal field i in the barrier. layer, Ve the contact 


tential, m the electron mass, h Planck’s const- 


“ant, e@ ‘the electronic charge and Aa constant. 
4 From ‘Eq. a 


01 a2 
1/(%+V) “(oote) 


Th 


og Yo V¥ ye const. Poy eh en mate ea ne Fig. 8. The field emission cu es 


: regi ears perire t (B) and after (A) the electric fi 
Cars eee. Vim ae ve _d (2) ~~-«‘mation. Real lines are observed ¢ 
reas Re a 


ee ay a ag ae (Vet V) and dotted lines calibrated curves. — 


Table I. The calculated values of ad fro 
(2) before and after the electric fo 
tion. Vy is taken as 0.4 volt 


Before the ~ 


Temperature | Foctadeen 


x 


130°C ea. GOA 


arise low temperatures the spreading juistAnbe 


becomes s SO” large that. an pEplied voltage is not cua —106°C : ca. 304. 


ony real voltage impressed through the barrier = ge. | ea on A 
er, and corrections must be taken. d obtained - : 
from Fig. 3. igs shown in Table Ts 4 Pu ee comatae Increase of d from a.50 ve to » 1008 } 


As these values of d are obtained by. assum- : formation. means eowth of the thickness 


he® internal field , constant in the barrier a parrier layer, resulting decrease of trans: ms 
and a ‘relation d= Wi IE to hold, the _— of et carrier through the barrier and imin 


. § 5. Pee seach Variation of Spre 
ing Resistance and Resistance of 
nium Sormisonsluatoe 


* Here Vp is meant as a Zen contact potential so th 
the value at high temperature must be taken. an 


os Sat oo ie oo antes: 5 ; 


Resistance (ohm) sae? : 


Nae 5. The eualeeanee’ 
versus. 1/T curve of the 
selenium semiconductor. 


“aft 10°, 


. 6. FR, andV,. versus 1/T’ curves . 
before (B) and after (A) the 
electric formation. 


part. Thus assuming that the effective ares 


. 


local spots is diminished by the formation, resu 
at 


Bis, 


“thin. (eee. Fig. 2) 26 a ne 
As the local seine ; 

resistance is schown ina’ 

- form of -wexp (EJkD), eal 

gives the ratio of the effec- 

tive areas before. and after ; 

_ the ‘formation, and is near- a 


ly 4 for our ‘sample. Here — 


and te are ay before and 


ate the ‘formation. But : 


ion between Cnrrent and eee hone an ohmie 
preading resistance. So the intercept | of the 
straight line and the voltage axis shows the 


voltage Vi which is necessary to flatten the in- 


“equal to the contaet potential\at the interface. 
(Sce Fig. 4) 

e _The temperature variation of contact pot- 
-ential‘is shown in Fig. 6. It is recognized that 
V, tends to have a constant value at high tem- 


its temperature. dependency at low temperatures 
; is exponential. In the I part the rectification 
acts on the Mott’s type, so a contact potential 
“But in the II part 


_ the nature of rectification comes from the tunnel 


must have a definite value. | 


al obtained by the above method has another 
meaning from that in the I part. In this case 
V, means a voltage at which transmission coef- 
4 ficient of the tunnel,effect becomes one, result- 


jing no hinderanee to the current through the 


barrier and. making appearance of the current 
‘wersus voltage eurve OF the ohmic local porcads 
ang resistance. a 


No studies havé been carried on concerning 


. with the temperature variation of transmission 


‘by tunnel effeet at high voltage in rectification. ; 


' VV, inereases 1.6 times by the formation in 


the II part as the figure shows. 


V5 by the formation means growth of the bar- | 


rier layer at Jocal spots and V, means a voltage 
necessary for a perfect transmission, we may 


conclude that the thickness. of the barrier layer 
e inereases 1.6 times approximately by the forma- 
tion. This increase of thickness in just consist- 


, ent in order with the one_ Pe erixered in § 4. 


§7. Conclusion. 


". Temperature variations of several charac- 


_ teristics of the selenium rectifier before and after 
“the formation are measured between +70°C~ 


4 


—180° 0, Main! poste obtained are as “tolteaes 


_ ternal field. As the activation energy of seleni-' 


um semiconductor is small, V, is approximately . 


_ peratures ‘before and after the formation and 


. these spots suffer from the electrical form 


_ effect at the local spots and the contact: potenti- — 
Oot by changes. of Rs and V, by the forma 


| spectively. 


sion coeficient. 


kind encouragement in the course of thi 


As inerease of 


(2) N. F. Mott: Proc. Roy. Soc., AL 


(3) M. moore 


(5) M. Tomura: 


M Tees, '" 


Niet es 


(1) Currents at high reverse voltages show i. 
abnormal characters at lwo temperatures. 

(2). Currents in the low temperature region 
are ones of tunnel effect type in either ‘dir 


tions, ‘ 


vert rather into field emission. 

(4) Two kinds of impurity centres | 
served in our selenium Semiconductor mate 
and only the one is related to the non-unif 
nature(!) of the rectifier, that | is to say, to 
spots where the barrier layer is thin and th 


~ Which tunnel effect currents flows. “An 


(5) Local spreading resistance | whi 
been offered only ‘in concept is really o 
(6) The electrical formation | brings 
growth of the barrier layer and diminis 


effective area of local spots, which are ) 


(7) Contact potential obtained by 
method has a essentially different me nit 


low RerApeRa Lee and means rather a 


“The author thanks Dr. A. Kobayas 
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represented by (Na,0), (Si0,)1—2 and silicon-oxy- J 


’ gen ratio (Ng;) is determined from — 
Ns: = (1 Oe 


and the curve of intensity of diffraction and Noe 
is obtained by taking sind/A as a parameter. 
This is shown in ‘Fig. i ; ‘gn et “es ba 
In Fig. 1, the curves of sin 6/4 = = 01, 0.2, 0.8 
and 0.4 are seen to change discontinuously at “a 


-neighorhood of Ns;= 0.485 and 0. 40. ti | bee 


nelusion as follows. ‘The silicons and 


anes There are holes in this 
etwork. in which the sodium atoms lie 
| by about 6 oxygens, and with i increas- 
$10, content, the single bonded payee 


= it is edie that there is Caeeaies 


tate part’ of the structure in ames. ue 
three dimensional network Si0.; a 
‘the mica group (Si,0,)?- ; a chain as 
eet (Sis0u)?> or in the Repreres 


” Fig. 1. Relation between X-r 
diffraction intensity and Noi, ta k 


sin 6/2 as. a pales 
Pe repient of SiO, tetrahedra as the 2 


-ystals do. 


A a analysed the X-ray diffraction “ebligibly small. 
obtained by B.E. Warren and J. Biscoe Next let us consider tne first 
lows; : The compositions of the samples are BS deo: pattern, ‘The 


a tion. pattern of” liquids os 


ie very. distinguished’ land a. 
ean. be. “measured "more : 
accurately than, the in- | 
vans of diffraction. ‘Let 


us assume the X-ray dif- 
fraction patertns of liquid 
yA 1002 and. liquid B 10022 f 
tol be represented in Pigs 


Nest 


: relation 7 = a comm - T) we 
i, S 


Fig. Be Relation se 
‘tween -* activation ~~ 
energy and Ng at. high ¢ 


_ temperature. mn War ean, hen re re 


whet t 


‘as a + straight line “completely. The: re 


$i coum, * 


Bie. ce “Relation ee 3 
_ tween | eo and eaee Rite 0. 40. This ig the reason 1 why t there i 


i minimum in activation energy. ‘at Be 


‘Next. Tet, US! consider ce Yoo) 


"the r elation’ of ft) : By _ the viscosity of Na.O-Si0, _ 


and vis notlinear. glasses at. the annealing 


As the | glass ; _ temperature’ measured by 
of Goilietidnsee™ age i Poole. (5), 
| cooled liquid: and 


Xray diffraction 


The ‘curve | 
of the activation energy: 


s(ethd the: Reece is) 
_ pattern. ‘of. glass 


4 resembles that of haan Sean 
a sels Re Puan At the annealing 
liquid, we, ean is 


shown: in Fig. 6. 


temiperture iy 23 100~ 10" 


apply. the above: <tr 
‘poises) no. Na-O bonds are 


reasoning to the | setae Neos i 


case of Na,0-Si0, annealing tempe 
glasses. 5, i of the activation energy ‘ure. ; 


Thus, Fig. 3° is that of hole formation. Therefore the a ti 


broken and the large part 


NS 


/ and 4 are obtained 


a he ema large aecvatien pnerey ering: 
hn ae 


oy stable and. tight Si-O bond. 


s eaare of SiO; bianees to the more com-~ 
structure Pane weaker Si-O bond. But ae 


o the structure, the change of’ the X- : 
on pene in Na,0-Si0, glasses must _ ee Bp: 


acaaa ‘the curves” of the: density a 
hav 


Sinden (os) with the ee 


“Agorations « of Si0, te 
the same ‘configurat 


oe exist in all ili 
of ‘eompound” — diserete ‘pioieeule: of ge - ae iT 
» Na,0- 28i0, and. Meee 10Si0, — is ne Sac 


eeye Ww. du, prawn : 
be ‘Ithaca, New 
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,e 


of. high frequency discharges by means of a 
; double-probe method. 
Malter reported a new method.@) Though the 
~ two methods use same characters of a double- 


Recently Johnson and 


based on different idea. Then we have tried to 
a _ compared them. 


: ‘+— 155M MICRO AMPERE 


| ARGON 7MM Hg 
| PREQUENCY 175 M/S 


Ta- w= 26.100°% 
TK Ds 26,100°K 


‘Fig. Me 


ee | wy typical characteristic curve of double-probe 
“eurrent I vs, its voltage V is shown in’ Fig. 1. 
“ In high ‘frequency discharges the curves: have 
: same type when the probes are set in neutral 


paper. This fact enables to use » probe methods 
in high frequency plasma as direct current. 


formula for a same area double-probe in direct 


% “current plasma : 
i 


(1) 


T }- 4 a eerea o | 


. charge, k ‘Boltzmann’s constant, f, and J, are 
. saturation current of probe 1 and Ze Ve. is the 
aa tage when Pertetrahe current I vanishes. 


"Probe Measurements fae ‘High Frequency Discharge II. 
By Shoji Koma and Kazuo TAKAYAMA. 


Tokyo University of Literature and Science. 
scecepived March 20, 1950) 
‘We have been stud sie electron temperatures 


“ temperatures are determined. In our method th ; 


re voltage V, is used. 


_ probe the deductions of electron temperature are 


‘position of the field as mentioned in the previous _ aahichy may be Goel as the indication Or tee jel CNS 


Johnson and Malter obtained the following 


‘where Dias sisaiton temperature, ‘e electronic 


small compared with the increase of the density 


‘of plasma. =~ a 


- 


From semi-logarithmic plots of y),. electron a 


Considering origin Of. tk : 
voltage it is concluded that this rises from the a 
st 


potential difference needed to prevent the di i 


sion of electrons following formula is deducec nar 


e 


plasma, near its s periphery. and at a 7 


i 
PR aes 


awe The value obtained rae our ie 


= 
high frequency. Ses that the electron. ae 
at 
af 


temperature at any point in a plasma is same 


and that the electron temperature rise is rather 
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19495, Received April 10, 1960) 
| the manifold Betibiibea sid t 
{ author has studied ” this 


| Read ‘Apr. 


¥ Gedraraible pounltaty a 


"magnetic: substance, | fi 
substances accompanies | a ‘strong Pepa fo : 


netic after effect. However, no comprehen- 
re ¢ cussions have been published concerning 


- from the 
of Fundamental Scientific Raeerihh of the Ministry ; 


f 
f Bau tion for 1949. Ttem #D392, “ On the Magnetic After : following 


ry Pty 


obtained. 


i 
us 


Specimen. 


If the Pin etid field H under which the 
specimen is magnetized to induction B, changes 
f _ suddenly to the field Hy, then. the magnetization 
Ais instantly brought to the value By’ and there- 


E state By. This slow change of magnetization is 


i called a magnetic after effect. For the’ purpose 


a search. coil. was: wound on the specimen and 


: connected to a ballistic galvanometer (period; 
22 seconds). . ig the: -galvanometer circuit is 
i: magnetizing field, and should defiectons of the 
4 galvanometer be: recorded for various values of 
 #, these deflections would: correspond to the total 
an change of magnetic” induction B during the lapse 
of time from t to &, practically so long as the 
a decaying period of the after effect is shorter 
than the quarter period ‘of the ballistic galvano- 


meter. ‘The magnetizing coil used is 120em long 
4 and 15 cm in diameter, and has a: ‘coil constant 
of 15 Oe] Amp, the search coil is 30m long and 
“1.5mm in diameter, with a total of 5000. turns, 
i the circuit ‘of the ballistic galvanometer has. a 
“magnetic: sensibility 0.010 gauss ‘per defiection of 
“Imm. A ‘special mechanical time switch was 
: devised in order | to close the circuit after the 


lapse of time t from the’ moment of field change. 


_ Special « considerations should be given to two 


stardations: accompanying a change of the 
nagnetic “field. One is the. rétardation due to 
‘e inductance ie and resistance R in the circuit of 
% the magnetizing coil and the other is the retarda- 
. tion due ‘to the eddy current in the specimen 
a “caused by a sudden change of the magnetization. 
4 However, as R=10092 and 1 Dye: 2m in our case, 
the relaxation constant 2L/R ‘of the former is 
of vate order of 10-5 eons, which has no effect 
‘The: igen te alt time in 


effect, of a Cr-permalloy, ana a | ‘ 
‘on the mechanism of magnetic after. 
a is then given, based wine the: results. 


§2. Hi oeritvental . Arrangements and 
3 is the radius. of the cylindrical specimen ; 


after changes slowly till it reaches the final. 


of. measuring the slow change of magnetization, 


closed at time t shortly after the change of the. 


ey is medsured for each value of ie b 


Several results of such measurement a 


‘point with | regard to the “apparent magnetic 


ing B,(é) is inversely ia et a to't, name 


abiity is approximately “Independent of ee aie 


fore for gs = 0.06 cm, 


and As Hie | epee 


area of the specimen used. 
The specimen: in aor is ee 


of the - measuring process mentidnie 


Ve 


is expressed by a linear equation, 


lee B,(t) = om ve t 


B,(t) = i Bu, telt 


magnetization during the period from’ ty = 1/100 
seconds after the instant of the breaking of-the 


005 01 02 
a in Sec.. 


ne o of the initially applied magnetiz- 
t in our measurements the dependency. 


effect Bho and the parameter H,. In 


can be seen from it, the ae effect 


" t is to be noticed that if ? is less than 10-* seconds, 
, effect of the former field can be observed, a detailed 
Pi: description will be published later. 


i 


gnetic after effect of ‘earbonyl-iron, ; 
ropounded that the decaying character — 
eribed by the relationship, B,(t)elog ae 
range cof im Further, Richter thought n 
er effect strongly depended on the . 


t, let us Aedes the relation between ba 


value of Bio is ‘shown. as a function : 


. effect | is observed. Fig. 36 


* are carried 


~ 06 
H in Oe 


aN Bus vs oH curve. — 
Bete NS 


ma RASL gos B-H curve. re fe 
pas i sade (eae bid esis vs Hy carve. * 


‘gould ‘be so rapidly performed, as” pay ass 
that after effect will obviously not occur ther 


By further decreasing Hy beyond ‘this. Segian 


the after effect first appears and Bro shows 
maximum when Hj reaches the value 0.09 Or 7 
at 25°C; ‘this value of Hy coincides exactly, 


the position of the ‘maximum value of dB 


in the descending branch of the hysteresis op. 


a 
‘With continued decrease of ‘the final x agnetic — 


field Hy, the after effect again. decreases, al 1 
ac region of Puekaptey iol es 


measurements a nal 
out for vario 
CA ea 


Next, 


ay 
/ 


oe is / smaller Ne 0. 18 Oe, a maximum al 
Wee eee ic eccai en 4 - does not appear and B,,. attains the Ae 
= 2.2 Oe: ae value when the magnetic field \H; ¢ chi Y 


ep, a —| Hi; | 7 this character corresponds 
of dines | calculated from the measured 


amount of ae, oftect gradually diminish Ss. 


a 
‘ Hegre 


; “Effect of intermediate field Tes, sey tie 
Specs: ‘characters for. various each, other. Fig. 6 shows the Bro Hy 


An are snow a respectively. FN after effect which accompany “field 


na H;-> —|H,| (curve Il) and A;—0 (curv 

sults. being shown. in Fig. rags ‘The upper - 

d : transitional | region from the rever 

‘Fig. 4, _ show the hysteresis-loops for 
reine: magnetization, that AB 

maximum fields. ‘A, the lower. curves ae 


curve I curvel 
Hie Hi : 


piel 


/ 


at 16°C 


3 “Bro in Gauss > 
|B im 107 Gauss 


a ae ons eee 


SBS ia curve Nrhpllse ah 
j (site re er 
ower ; Dap: vs Hy curves for various Py | oe rs 
Seat ny - 
pe Son Hi; 


arious | Pigeicnate loops: shown in the > 
ane AS cartlbe seen from the lower 
_almost proportionaly to B,... The curve I in Fig. fs 


6 shows B,,. in relation to the change of magneti 
zation from the demagnetized state to any point 
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\ Fig. 6. Bro curves for various H; or Hy. 


on the virgin’ curve of magnetization. In: this 
t 

5s case also maximum after effect appears at a 
point: in which the irreversible displacement of 


the domain boundary occurs most frequently, 


and in the “upper region of the magnetization 

/ curve the after effect decreases again and finally 
’ vanishes when H; is brought to the rotational 
‘ region. Curve II in Fig, 6, shows B,, in the 


i oe ease of Hy = 0, for various values of H; ranging 
. from zero to saturation field, in this case Byo 
increases at first rapidly with H; and finally 
_ reaches a nearly constant value for H; in the 
i ae of continuous rotation. These facts also 
_ suggest that the observed after effect is mainly 
- caused by. the irreversible displacement of the 
domain boundary ‘and that the rotational process 
o spontaneous magnetization does not contribute 


Bes torite inn 05 
nt ‘ f 


a § 4. ie disticn on. ‘the ‘Experimental 
a "Results. 


tt has been confirmed from experimental 
~ results, of large Barkhausen’ effects. that when 
"the external field becomes larger than a certain 
 . eritieal field H,,..a, 180° domain boundary com- 
that if the boundary 


Be avs 


mences. tor, displace ;, 


) velocity v is expressed( by 


VY = a(Hy—H,). 3) 


. Seijiro MAEDA. - 


x 


4 displaces without changing its.form, displacement . 


\ 


where a is a constant. In general ‘cases, however, 
the form of the boundary changes with displace 
ment of the boundary itself, and consequently 
the displacement of the boundary in the actual 
magnetization process is not so simple as men-— 
tioned above. However, in this case, the relation * 
between displacement velocity and the magnetic 
field will be expressed ‘in form by a type of 4 


i t 
equation similer to the above, if we assume that — 


: MI 
these factors are absorbed in H,, and we take 


H,(r) as a function of the location 7 of the 
domain boundary. Moreover, in the ferromagnetic i 
substance, the local magnetic field Hr) due to. 
the free magnetism of other domain boundaries” 
do exist, and this field must be added to ‘thei 


external magnetizing field Gn in the velocity — 
formula, hier : f eats : 


4) : 


No serious error will be SEUNG if one 


Vs aly + Hi()—H)] 


assumes that an analogous formula also hola 
for the case of the 90° domain boundary. Now, — 3 
the critical field strength changes from point to + 
point in the medium, and-the values of H, take — 


‘its maximum values at various point in the same rf 


medium. If the difference H,+H; over the peak — 
values of H,(r) is very small at certain special 

of the ferromagnetic material the * 
displacement velocity of the boundary will | 


regions 


_ assume a very small value when the boundary 


is passing over this region. The said distribution 
of H,(r) at such a region ,is schematically ex- 
pressed in Fig. 7 though the’actual distribution 1 
of H,(r) might be expressed by something like 
the dotted curve. But for the sake of brevity 
it is supposed that the distribution is expressed 
by the full curve. The critical field H, takes its — 

highest’ value Hom in’ the region AB and it is” 

supposed that’ 2 A « AE pl assumes a very small j 
vslue. -If after passing AB thé boundary reaches 3 
a region CD of a smallér A) value; the. boundary | 
commences ‘@ rapid displacement from the first. 
Consequently; in’ such a ‘case, if -the magnetie™ ; 
fiéld changes Sana y. ‘from H; to Hy, a compara~ | 
tively long’ time’ is required ‘for the change of 
magnetization, due to re slow iar eee in. 


é 


ee, the value of ee lies between 


ie) 


i aha onade ane ‘ oo i 


te ed ED 
*y 


rey 


Digestion’ of: 
“Dis placement 


ONG Ret a ea ieee (EE ndt = kEalat)at 
PEGE Co LAWN = ka (Hy 


“hence 


Hom)’ 1 D\d ae 


Domain ‘Boundary rey ea : Here k is eran If all the domai 
err Lae EOS ens give the same amount of: ‘induction 
. ee due to the rapid displacement, Bal 


: opioesed, by the “equation. ey hats ete 


| Lasse bn ae . tat or 20) =) 


4 


Hence we obtain Bat 


~ Whee) ef 


= of magnetization are observed FS an after 
é y 


Mee Bit) - = const — log 


ae ‘the: ‘time: ‘required ‘for: ite ; 


ae 


‘According t to this “consideration, B 


oth on the: aloes. ot vs 


Ww \ 
ge 


| 


‘tien after 1/00 etnies from the instant ee 


“a \ <% 


Oo aeRAgK The equation o does not hold hee t appr 
zero because at ¢=0 dH,,,/dt assumes the value infinit : 
at this sixeular point the width (dyn tat does not res M 
present the actual breadth. 
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f 


1/100 = D/(a 4H) or 4H; = 100Dja (9) 


makes a sudden displacement. Then, subsequent 


displacements of the domain boundary, for which, 


_ the values of 4H; are less than 4H;, occur in 
succession finally ending at the boundary for 
which H;,, coincides with H;+H;. 
B,,. be equal to the change of magnetic induction 
due to the whole of the sudden displacement of 
“the domain boundaries for which Hymn 
value between H;+H, and H;+H,;-+4H;. In 

other words if we denote by 8(H;) 4H; the total 

es change of induction B by sudden displacements 


Consequently 


_ of the domain boundaries during the change of 
_ the magnetizing field H;~H;+4H;, then Bno is 
_ determined by the total change of magnetization 
due to the subsequent Barkhausen jumps which 
follow the slow displacement of the total domain 
~ poundaries - mentioned above, for which the 
: highest value H,,, of the critidal field H, lies in 
f - the range from Hy +H to H;+H,+4H; for the 
- definite value of 4B which is determined by the 
 relation***** 


= Dj/(a4Hj) or 4Hf=Di(at.) ~- (10) 


A Now from the above considerations Bo should 
_ be equal to @(H;)x 4H;, that is 

— Bro =8 (Hy) x 4H; or Byo = 8(Hy)D/(at.) (11) 
as 4H; is independent of H;; B, is proportional 
: to 8(H;), which depends only. on the final field 
BAG. Consequently, it would now be required to 
i find the form of 8(H;). During the course of 
a the actual magnetization process, its change is 
caused by the reversible and irreversible displace- 
~ ments of the domain boundary, as well as by 
a the continuous rotation of Spontaneous magneti- 


A 


 Nieads But in the present case, we are consider- 
ie ing the region of magnetization curve in which 
| the irreversible displacement of the domain 
n, ee plays a leading part in the change of 
D. “Magnetization, hence it would be possible to 
; assume that the change of induction 4B due to 
‘the change of the magnetizing field 4H; along 
BS _ the. descending branch of the hysteresis curve is 
pee eproneed by et) sad, that is, ‘ 


OK AA danedlicic to ed: equation 1 a0) AH, assumes a very 


large value for exceedingly small value of t, and for such 
“a case, the following consideration does not hold true. 


. 


takes a © 


, (5) Be ns rene Physica: Hens) Vol..8 (1939), 


8 (Hy) = [4B/4H| 


The value of 4H; in eq. (10) can be ieecinet 
based on the value of &(H;) thus obtained. As ~ 
seen from Fig. 2 the value of (Hy) at the 
‘steepest point of the descending branch of the 
hysteresis loop is 6.3x 104 gauss/Oe, while the 


at Van 


value of B,, for the corresponding value of Hy 
is 78 gauss at 25°C. The value of 4H; is once — 
for all determined by 


4H, = (78/6.8) x 10-* = 1.2x10-* Oc 


Hence, from 8(H;) Bno ean be calculated bya ; 
being multiplyied by 4H;=1.2 x 10- Oe. Calculated © $ 
values of B,. a8 a function of the final field Hy ~ 3 
have of course the same form as B(H)- Com- 
parison with experimental results are shown in © 
Fig. 2, where the position ‘of, the maximum — 
values and the orders of magnitude of 8(H;)4Hy ~ 
coincide well with that of the measured after 
effect. Therefore, we finally obtain an expression: ‘ 
for the after effect due to the irreversible dis- 


fa 
a, 
placement of the domain boundary; is, then, c 


B.(t)=8(H)4H; t/t or B,(t)=|4B/4H| TE 4 
“G3 


The experimental results in Fig. 3 were to: 
be expected from~-the above consideration ; as. 
8(Hy) only depend on Hj, the after effect depends — 
only on the final field Hy, and the effect of 
stopping its magnetization at an intermediate _ 
field H» is not observed when the initial state 
Maintains constancy and provided that the: 
difference H;—H,, greater than 4H;. 
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Mreadaction: NS Dee: _ frietion. 


. ev vibrational properties of papers have seri- Fess § zs | Measuring Method. 


» important i in practical use. Es GN 
Using tl the 1 new cereals method which ‘was 


aoee In ‘this paper we ° will report the’ ex- 
per mental results, and: the models of internal a -anese name, Kozo). 


teh Poured iC Rath pes i 


he ae Table ne ms . ae, 


— = SRE oe j : : BSR ee a 
A ania ; a baw eee dite 


4 


SP. rg | aS a ae Gy ce eet 
: : rolls dhs Casa eee eee RS 


2.9 


Oe Nhe 


GES ON Sa OL 
0.65 
0.65 
0.70 
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3.0 
3.9 
3.1 
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0,88 
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§ 3. Experimental Results. 


A part'of the experimental results is shown 
in Table (I); where 4W, W are the energy dis- 
sipated during one cycle and the vibrational 
energy, hesiesy and the relationship between 


—1 
Q and ow 
1 AW 
eek yt Way Le Eee AF 
Q <i 5, log (1 WwW ), 
ey and oe being smaller than 1. 
ny Be ; ae 
po) ACES ree ey 
@ on Wo 


in qa) The eect of freeness. : 

The Young’s moduli and the internal friction 
of papers which are composed of the same ‘kind 
of fiber are affected by the freeness (proporting 
if to the reciprocal ‘of beating degree). Fig. 1 
“a shows the results of freeness dependence of S.P. 
a3 papers. 
‘the Young’ s modulus decrease and the internal 
friction increases. 


In general, as the freeness increases, 


lo 800 600 400 200 
Free ness 


Freeness dependence for S. P. 
papers. 


Fig. 1. 


‘ 2 The effect of frequency. 
Fig. 2 shows the result of frequency depen- 


: ' friction for the S.P 100% paper. The fibers of. 
% this paper are short (below 0.1mm) and combin- 

"ed tightly with each other. Fig. 3 shows the: 
result of the paper composed of wool 50 and 
S. P. 509, whose fibers are long (about 10 mm) 
and combined loosely with each other. 


- dence of the Young’s modulus and the internal, 


- sion in the vicinity of 10 fre, the measurement of 


@ eon ty i 2 
50 }x10 77%ae : Shs SIG. 0) ase 
wasn aS = =-$ aa eet 


i 
30 ee BS Rem enifen iat ste ante eed 
‘ 


20} --—_—___—__—_— += }20 


RHA 75% 


0; #Yongs medi oa ett 
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_ Inter C a F 
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Fig. 2. Frequency dependence for S. P. 
100% paper. 


Sonia fia T ist 
RH.= SOX 


Fig. 3... Frequency dependence for wool 
502, S. P. 50% “paper. 


’ In general, in ‘the region 200— 2000 c.p.s. the 
Young moduli and the internal friction are com-| 
stant at each temperature and humidity. Fig. 
4 shows internal friction'for two different S. P.7 ’ 
papers in the region. Bo 200 ‘ke. 


Ji Aegan Utah RE hie DOB tN Vac Sal te bs 


90° ~«30 30 foo 
_ Frequency 


Zee JOO KC, | 


Fig. 4. Internal friction. Q-! ws. 
frequency for S. P. paper in the 
region 30—200 ke. 

Above 100 ke, Q-! increases s lineally as “the! ‘ 
frequencfes. Below 100 ke, however, it is found 
that Q-! shifts from this. phigt line. - 

Deny: 
Though we think that, there may be a aiperd 


this region has not been yet carried out on. ace | 
eount. of the ey of ‘measuring, 


¥ 


two, typical semples wich was reported 


a the: humidity. The relative Cation 
(hereafter written, R. He in short) was varied at 
will by piorning: the Sauer niration of H,SO, in 
Be EASE oy) fe sti ts a 


pes 


measured by thé aid of a niece As we Pe 


| First the n eseurement was. done from. R.H. 
% to R. a. Le next : dine it” was done. 


“results were Feproduéihle. Fig. ee is the Dealt for 
= 


| the Ss. i Ars ees tt ne eae 


 2.0}-= 


fea 

ae 
/ aN 

ae ? 


» Humidity, dependence for Ss. P. 10036. ; 
: » Paper at 780, tga si aekes h car 


"however, are “independeh t. ‘upon ‘the 


for be cases. 
gil 


Wes of. s. Pp. paper disappear on account, of the iy 


By i ¥ : ¥ Sit -\ 

a large « effect for tea of wool bere eh Saw Friction, Meee io i 

et be i ' (1). -The case: in whien it depends. on. the: im. 
plitude. ii 


BD 


‘Abo | 


riction: As the paper isa kind of visco-_ “The aves al a reaning g of this. 


follows. ‘When the amplitude of vil ra 
small; namely small strain, the fibers do not ‘sl 


material, we ties a kind of Voigt . 


sans each other mith to ‘the oe foree, tk 


binding portions at all. “When the strain 


_ paper becomes large and the fibers begin tos 


: the d t fone hone 
een Stee ring @) agains Mines with_each other, A, inereases in first and 800 


tional ee ae an ae ation X- 
v 5 decreases, for AW i increases as x and. Wi increa € 


as x’. ie 


me 


Q) The case in which it vee not t depend 
the amplitudes: ft my 


‘the previous | one Haan to rt devised, RS, the 
_ binding portions do not slip as easily as the ‘pre 
vious case. ‘Thus » we considered the me 


as. spain in 1 Fig. 9, where the both e! 


eee ‘wand? ‘the “energy Sinsipatea during, ; 


-proti 


the Ate va 


Speer SMe ties iS enn: “ee hire pts 
ee term déeteaicn’s as @ epcittseuligh é EON Res oO: omnes! model of rete: : 
ae a ‘minimum at some elongation _ 


he values of a» and (17 Ia are 
nalts 


/2nW 1 4,4 mt YD op 2 “ : 
Ge ick dey Re ies ‘are under the Bol zman si ba 
FO) e Ko 7% feo Mia SESS Sein! Cage 2 : ; i pe ie 


Int the: “pegion of the gudiofrequeheie” th 
, Young’s moti and the internal friction of various 


’ papers are almost independent on the frequene 


_ but they are very sensitive to the humidity. sal 
effect of humidity depends upon the property i 


_ fiber itself composing the paper. In. the regic 


above 100%: the internal friction Qa increas 

lineally as frequency, but below 100 ke On 1 shif 
; from this straight line. We think that the 
. ep ese ahve : Net Tiers haviour above 100ke depends upon the property 


Ole Tye Wetec. se oft fiber itself’? In general the internal frictio 
Fa ‘of papers is the sum of three different . parts 


ot) ~BP, tor Pact. : 
he Uo (7) internal enichion namely the first is the int en = 
, E i Kot : ; ; i i : oe ‘ 


henever a “defect transfer between two 


equilibrium positions, the energy F-ais dissipated 


i" friction for binding portions: ‘ee 
5 as a heat energy. Thus if the defects are subjected EN is gy Las Ries 
s and Be venie: upon, the’ Cou mie: of, vibrat 


tou the eat scion the ctueinetes energy 


“papers ahd ‘independent upon the see 
Say. _Nibration. 
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/ Anomalous s Specific Heat and Moleeilir Rotation i in 
. “Normal Solid ee | 


ee p Institute xs Soionce aid Technology, University of Tokyo. 


“Geceivea April 2 20, 1950). 


: Baker and Smyth) suggested the rotation of 
aa molecules around their long axis: 


ae Miller@ has concluded from his “Xray. ¥ 


‘ 
measurements, molecules of normal paraffines — 4 


iF 
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whose carbon numbers ranging from 21° to 27 

rotate around their long axis above certain 
critical temperatures which are several degrees 
below their melting points: 

Malkin® has observed exactly the similar 
phenomena in some normal alcohols of odd carbon 
number, and one of the authors(® in hexadecyl 
alcohol, and confirmed the existence of molecular 
rotation* It is highly desirable, however, to 
study the behavior of their specific heat near 
the transformation point, in order to elucidate 

_ the nature of the problem. 
i The present authors have observed the 


, : specific heat of tetradecy] and hexadecyl alcohol | 


and found the anomaly \as described in the 
eens. 


Os a Petbecedoad of the samples. 
: For a ‘preliminary study, commercial crude 
. “cetyl alcohol made by Takeda Chemical Company, 


which is the same one. in former X-ray studies 
_ was also used. As the transformation point is 


ty 
‘ 


pa 
\ % 
4 


was distilled at.a reduced pressure, and the effect 
of distillation was closely observed... As the ex- 
soa ‘preceeded, ‘authors have :realized that 
the influence of impurities were so great that 
ae they resolved to: complete further’ purification. 


MF: 


Kee Crude cetyl alcohol was once fractionated at 
a reduced pressure (3~5 mmHg): using: Claisen’s 
9 flask, the side tube of which was packed with 
a small fragments \of glass rods in order to make 
| Each 
f fraction, which corresponds to the temperature 
ae 


ih ‘the path of the yapor as long as possible. 


be range of roughly ten degrees centigrade near 
bi ‘f the melting point of ‘the pure substance, was 
a Ms then turned into acetate, acetic acid anhydride 
a _ being used as acetylating agent: Acetates were 
“Salad seperated by repeated fractional distilla- 


a 


once distilled again. R 
_.. Hexadecyl alcohol thus SbRineny was recry- 
Ki) ie from methanol solution four times, ‘and 


ay. ; 
a beautiful white crystallites were obtained. As 
__- for tetradecyl alcohol, the amount. contained in 


i 


*. According to Hoffman and Smyth(®), Otto recognized 
rotation in hexadecyl alcohol, but not in dodecyl. Authors 
“have no opportunity of ‘seeing original paper. « ; Ns 33 


ay affected greately by the purity of the sample, it 


tion and then saponified. And the product was ~ 


AN hd. Me TE cD” 
Ven Ka ne i be) 


mother’ material was very small,'the quantity of 
the final product was not sufficient to repeat 
recrystalization, and: therefore it was served” 
directly to measurement. The melting and soli- 5 
dification points of hexadécyl alcohol were 49. 11°C” 
and 48.2°C, and-that. of tetradecyl alcohol wees 
32.4°C. and 31. a € respectively. 


§3  Nethnde and apparatus for measuner 
ments. ve 

4 

The calorimeter was made of copper, contain-— : 

ing equally spaced copper disks which’ facilitates. j 


‘the heat conduction, A heating coil of a manganin ; 


wire, whose ditenbtes is 0.1 mm and its total 

resistance was 90~100 ohms, was fitted in the 4 
calorimeter. The total weight of the calorimeter” 

was about 54-grams and the'entire surfaces were } 
nickel -plated in order to. prevent the chemical © 4 
reaction between the sample and’ copper, and 
also :to. minimize the radiation toss. The- saoltoa ae 
sample was poured into the Soe iy rtcas and then } 
solidfied. bs pas . ; i 


e 
* 


When the glass calorimeter, as described by) 
Nagasaki and Takagi® was used, there may | 
exist some nonuniform temperature distribution — 
throughout the sample, owing to’ the poor con- 
ductivity of the substance, but the results of the - 
measurements wére not €ssentially different from 
that of the case-where the matallic one <a P 
used. Therefore, the glass calorimeter was used © 
in most measurement, because ‘of its ‘simplicity. 2 
in its treatment and the lack of fon for ‘the 
Cheinical reaction with the sample. 5 


. The calorimeter was hung in a éyiindrleny ! 


_. vacuum tight brass vessel the inner surface of — 


which was nickel plated. A copper-constantan | 


_ thermojunction was inserted in the calorimeter — 


and another differential thermojunetion, which 
also consists of copper and constantan wires, was 


Attached between the surface of the calorimeter 


and the outer vessél. “The pressure in the vessel : 
was reduced to 5x10-? mm H¢g in order to eliminate 
the effect of water vapor, but the heat transfer , 
throgh the air was not be successfully eliminated. 
Further reduction -of the pressure » would be 
nescessary for that pourposé, The- ‘process, of 
evacuation may ‘safely be! om. A*, ss 


ne “determined in ‘3 Silat manner ‘was subtracts 
from the above result, and the net heat capad My 


2 Galvanometer - ing the temperature, the temperature. differene 


t 
\ between | the calorimeter ped: the surround 


to be spawn 


For instance, in the measur 


cool from the e.melting point to the tempera we 


"Pound ine range in less than ig Hide 
temperature difference was adjusted less t 


mm scale of. the galvanometer deflection 


fore, the error in the total value of 


AN 
“rent \ pee made to flow hough the heating coil fusion and ‘of rotational transformation 


: Then ‘the a eek to one the ea than 2 percents. 


_ junctions. ‘were detected a) sensitive E Manes 
3 “meters, and as for the one reading the tempera-_ ; 


x ture of the e calorimeter, a potentiometer was used 


ot in. The sample obtained by: ah 


un toe ‘maximum value ay iiss time se of the 
temperature rise was about 0.5°C per minute, 
but much smaller at near the transition and 


mele ppintey, . ey Yi ee 


shank disappears. In Fig. 3, curve A conrespon 
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27 mal. deg 


20 chy 


25 . 30 
Temperature °C 
Fig. 2. Specific Heat of crude 
hexadecyl alcohol. 


a deg 


\ 


he Saal wl 


25 30 35 


Temperature 


Pie: 8. The effect of thermal treatment. 


40C 


i "to the case where the measurement was done 
right after solidification of the sample and shows 
_ no anomaly, The curve B is the one measured 

_ after being left overninght at the room tempera- 
e . ture, and the curve C corresponds to the casé¢ 
where the sample was slowly cooled to the term- 


‘ ¢ 4 ~ al 
Yoshinobu KAKIUCHI, Tosio SAKURAI and Tadasu SuZzUKI. 


_ment right after solidification: from its. melts, 


“wal 
/ 
perature of melting ice, : 

Fig. 4 is the specific heat curve for pur i 
hexadecyl alcohol, which shows a sharper anomaly 
than in the case of the crude one. In this case 
the curve is far more reproducible, and tne effect. 
of thermal treatment seems to be negligible. : 

The heat of transformation and the heat of 
fusion are estimated from the heat energy sup- 
plied, and their figures are 5.92 and 7.37 keal/mol 
respectively. It may be of some value to men-_ 
tion that the heat of transition is roughly the_ 
same amount with that of fusion in this case. 
As seen in the figure, there is a little hump at 
the tail of the anomalus specific heat curve fork 
melting, and the corresponding heat. quantity is” 
about 0.86 keal/mol (c.f. Table I). = + { 

The result for tetradecyl ‘aleohol is shown i 
Fig. 5. The curve A corresponds to the ease — 


where the temperature is lowered and B, C and 


van ek : ; 
pg SAT e Ai a Ana RIM Radin Plo ls eS 


15.20 25 30 a5 is 20 25-90 a5 
Fig. 5. Specific Heat of tetradecy] alcohol. 


D for the case where the temparathees’l is raised t 
during the measurement. Because the sample is 
not pure enough a rather large hysteresis ist 
observed. The curve B which is for the measure-_ 


shows a comparatively little anomaly, which i in-” 
dicates that the crystal.does not yet ‘reach. its 
equilibrium state, ..If the: parinla is left, overnis | 


‘{ 


4 


“Table lL 


of transition (Keal/moi) a Rok ‘Heat of fusion (Keal/mol) 


g18 
8.45 
3.1: poviman eres. 
6.5. cone (hump) 


Pure © hexadecyl fb: i mean ie - 7.52) mean ti mean 
; _ alcohol » Phe ee DLO TDLOS as ete Fern Tame). (80a | Os4L5. 0:36 


the lattice Pica ot changes from orthor 
‘to. © hexagonal, (6) and this bern nerahal a 
begin to increase. Aithoayn jays studies & 


Biko is available yet. The rise of 


ro ip 


points of view. 
ferent carbon - I Stay are outa’ me 


f atoms and internuclear Wistenies in 


ale it seems. idk Wed) possible for the 
to their original position with some ‘difficulties 


‘even at low temperatures, and this may in turn 
is supposed to be possible. Hence the | tie ah the lattice distortion to bee removed _ 


( : nay 1 well be interpreted as the order- 
or cms where the ordered state cor- ists in the sample of high putity. is ‘also el 
0 ie Pe molecular kaa, stable geen in dielectric measurements. ( That pea 


"difference between dielectric cone tank } 


“large for the sample ¢ of low w purity, whieh ae 


y thus be inkerpreted as the dis 
, and perhaps the molecules would — 
when ee change the pein i 


Ys 


nt 


son aA their tides’ in librating er Y 


$] 


pineeetoe fe ay PRS are to be +i “The tberkapatal data 


ere) 
fa of aleolols are teyueee in » the tore stint. able 


Si 


_ Table IL. 
carbon number ee 


y 4 


| Kakiuchi-Sakurai 
Suzuki 


| Higasi-Kuboe) 
| | Kakiuchi-Komatsu* 


| Bernal) 

| Malkin®) 
Sano-Kakiuchi( 
Ott 


for the Purification, “They. are ate: ;. 
‘the ‘Ministry of Education for financi 


i . References. i 

(1) O. Baker and C. P. Smyth: J. A 
60 (1938) 1229. g 

(2) K. Higasi and M. Kubo : Sei. Pap. I 
36 (1939) 286. 

(3) J. D. Hoffman and C. P. Smyth : 

: Chem: se 71 (1949) 431. 


(5) T. “Malkin : J. Chem. Soe. (1935) 2 
(6) K. Sano and Y. Kakiuchi: 
_ Jap. 4 (1949) 365. ih 
(7). a Ge Kakiuehi and T. Sakurai: ce 
Jap. 4 (1949) 365. 


ich. temperature modification with _ rotating ith (8). S. Nagasaki and Y. Takagi WC aa 
: Nt Baa SN ppg PHY atk te meee sn & ¢ (1948) 104. te 
Map o pet oh by ile i) Byes (9). Sykes and Jones : J. Inst. Metal 
TE ANA OOS) : cele hate Sie 


2.42). D. Bernal: Nature 123 (4982) fe 
8) wipers and abe J. Chem:: ‘ 
BGR Gu fay I shi 


Be Ne 


ee “Dielectric Dispersions of Alkali Halide Crystals i 4 
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J eieead: 4h ; 7 Sa 


ei Some the caystals of alkali, ihatides there : a 


Introduction. Litt eiy 
de ‘The. cerystals of Alkali. halides exept ‘the 


cesium compounds have the face-centered cubic 


‘Schottky type. defects composed of 


number of positive and negative. ion 


The Cae ionic vacancies which hay 


symmetry, and positive and negative ions are 
alternately located regularly i in ideal crystals. The 
al states, however, are considered t to differ slight- 


tune are. lattice abeetes of ‘the so aap 


4 Schottky Popes Frenkel” types() in a erystal 
ch ‘thermal cian and by these irregularities having different activation energies ah 


these may hive apparent electric dipole 


tion in an alternating electric field. 


_ Breckenridge“) has found. anomalies ~ 


dielectric properties in many alkali. halide 


unds, arcs meee ‘them: in - bepras sof ae ‘aboad +0. 003 P.F., ‘and that of ian | 
a a the negative and posiiiye oe Oty}. Seis -4, The error of cicasering. omnes tur 


4 Er : - es 
Kya Nasomel%\—T | pm |_| 


feet 
FE 


near 3 M.C., and found the anomalous 


f loss angles and dielectric constants. 
ent ee ‘ ‘ Fig. Bf Capacity and tan a of mee KCL 
having great peak. at 2. 6M. C. 


queseanaR; $e Ss 
Ne S35.) Results. and Discussions. 


(a) The dielectric seegeniian of the crystals 5 
in: Fig. 1. and 2 were observed with cerystals: 
_ treated as previously illustrated. The survey of 

these curves shows us two or three peaks of 
tan é-and a slight increases of capacity. at each. 


.peak. The height of thése peaks seems to depend 
‘Dielectric properties of KCI - a 


e erystals at 2.6 M. Cc. ‘upon the thermal treatment, and X-ray 


tion. For iy the peak, of sigs 3 be 


. 


4 melted salt ‘poured out to the’ ‘graphite 

and quenched very rapidly to room t 

i’ - but the samples of other cases were quen 
aber about 600° c ke room Sorse te, 


crystals at 2.6 M. cs 


respectively. ‘The: usual activation energy i 
‘in’ this equation. . Although this” theory m 


cause some. oN eae in view of tT 


relaxation 1 jOaf—f i is the measuring frequency sma 


ns and % which i is the reciprocal of the maximum 


haa sign int be ‘interpreted ‘SU 


r Visi: pe 


\ 


‘Table I. 


Kondo Okada 


0.42 ev ee 0.70 ev 


AU) 0.08 deo. 0.84 


gS 20. 93x 10-5 cogs ach 


ee 


at sae present ava’ The different value 


of assembly. For Bain. the: i 
orient itself more easily to th 


Ae vacancies. 
absorption benters called F, M, Nhe ee 
and N +) may seem to ‘be a proof ae th 
of many types of vacancies. 


oie - A/T eit : = aida (BV as (b) If there were impurity cation. n 


be ul 


; fet : vacant site, the activation energy | 
‘aconstant, and T is s the absolute , kota 

; f “impurity cation near the vacant site—th 
e of ‘the dispersion. ‘Following | the 


(4 


yf seh relaxation Revers is. 


one D pane = fee sacar - @) 
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Table II. The above experimental facts deny this considera-— 1 
— tion and a more different mechanism may play 
| sDiepereion HO | 4 tan 6 the a ph Searles two sti ane anpolg 
go STEAL IASAESESOSE ACTS ARTS ee ans phases mixing like the water-oil emulsion. With 
ra eee q ewan ay! Bi Ms etch such a model, the horizontal part of the curves” 
A aie 160 5x 10-4 may originate in the pure phases; that is to” 
See he AGE eicuaeaiay 4x 10-4 say, in potassium chlorides 200°C and in sodium © 
. sonpening . 155 . 4x19-4 chlorides 80°C. The dispersions in another ~ 
Re 120 6x 10-4 temperature have greater peaks than that 
aw 200° : 210-4 mentioned: above, which shows the stronger & 
iy : Ponteining | 150 4% 10-4 mechanical stress, or greater numbers of vacan- ; 
Mh 95 6x 10-4 cies than in the pure phase. But this is an~ 
‘3 ee ae 190 noe OL imagination and a more precise examination is © 
Re Ag: 45 ! 710-4 necessary. Moreover, the potassium-sodium chlo- : 
ba ride solid solution is not a good example of © 
a te stable mixed crystals. _ ; . 
. eons § 4. summary. ; 
Mae 200 We have found the dielectric anomalous — 
t ays dispersions different from those of Breckenridge : 
vi rs and Okada. The difference of these three 
So Reet anomalies may originate in different types of ; 
x rey a. assemblies of vacancies. The activation energies — 
af ras) of Breckenridge are not correct as pointed out — 
ONS by Grimley. Further investigations are necessary : 
¥ sa 3 about the strictly pure salt, and another mixed — 
Or Ke 100 crystals. We are gratefull for many sugestions t 
ws i ‘of Prof. T. Nagamiya. i : 
(y References. 


"KCL Mob contedtration 


; h hi Fig. 6. Dispersion temperature and ‘molal 
ee ratio of NACI and KCl mixed crystals. 
Bete 5: ms 
iA temperatures in Fig. 6 show some ifiteresting 


hs 
a 


“phenomena. The curves are separated into two 
parts of different quality. The effect of X-ray 
_ irradiation upon the color of the crystals is as 
BAe follows; from 0 to 60 mol per cent of sodium 
M the eolor is violet, at 60 mol per cent dark, and 
60 to 100 mol per cent sodium the color orange. 
. If there were comparatively large micro crystals 
f of potassium and sodium chlorides in the solid 
h) ‘solution, the color might be dark corresponding 


: to the quantity of either salt, or in mixed 


_erystals the color must change gradually(t, 


(8) O. Stasiw: Gétt. Nachr. 1 (1936) 1. | 


(1) N.F. Mott and R.W. Gurney: Electronic 
processes in fonic erystals. Cambridge: 
(1941). yor: 

(2) F. Seitz: Rev. Mod. Phys., 16 (1946) 384. 

(3) R.G. Breckenridge: J. Chem, Phys. 16 _ 
(1949) 959, Vora 

(4) T.B. Grimley: J. Chem. Phys. 17 (1949) — 
496. ‘ 

(5) G.J. Dienes; ibid. 16 (1948) 620. 

(6) T. Okada: Busseiron Kenkyu, 20 (1949) 171; 
Nov.. 


(7) H. Eyring: The theory of Rate process, 


ate pil 


‘? 

(1941). Cane 
W. Kaumann: Rev. Med. Phys. 14 (1949) — 
12. | } he 


T. Suita & S. Kondo: J. Phys. Soc. Japan, _ 
5 (1950) 200. a 
(9) Y. Uchida: ibid., 4 (1949) 57. © 
(10) H. Burstein and J.J. Oberly: Phys. Rev. 

76 (1949) 1254. if ae oe 
(ll) H.F. Ivey: Phys. Rev., 72 (1947) 341. 


‘ 
4 


ag! tae 


On he Noise of Réshéllc Salt, Gite : 
Heine Barkhausen Effect. 


'B Shoji. Koma, and Ki Kato. 
a ; esa a the following formula: 


| Received Jane 24, 1950) e Maceo sagt ee. 
Q = 2pr/L 
In the’ previous Gabel we reported that in : 


where p is the polarization and ie the d 
between electrodes. Putting Q = 7.22 x 10: 
p = 2.45 10-7 VA eee ‘and L = 0. 5 on * hh 


Rochelle salt the ferro-electrie Barkhausen noise 


ean be observed separating from Schénfeld’s sur- 


ce ‘Noise. This note describes some results for 


+ 
“ the Barkhausen noise. a 


» The ‘pulse of the noise obtained by poveeainy : 
i the field from 300, to-+800 volts have been studi- 


the pulse size distrib ution. ; ae “obtained volume — of: Barkhausen region. 


e & ® Size distribution. The full curves in Big | observed rise time “of Boars _ sec. 


of the region is 4x10-* em. 


s a the futiation: of ie eaten bias igeteate! 


_ Differentiating ‘the curve of: 8°C we obtain the Seale dies erature cee endence. ~The i 


slowly from ay to the room geo 
In this measurement the humidity was f 
60%. The results are shown by the 
” in Hig: 2. The curve v shows the 


15 6 300 


10 4 200 


ae ete Bh STN Oe 
aS Sa Una bias voltage 05 2 100 
| Fig. 1. Sile distribution, : 


% 


(2) The volume. of Barkhausen region. The 0. <Q. o 6 8 10 12 16 46 "3 ICR 
‘height of the: largest. pulses observed in the - temperature 
“oscilloscope is about i 68 cm. at 83°C Since the a Fig. 2. h: maximum height of | 


time ‘constant ‘of the ‘cireuit of Rochelle salt is pulse (cm), 2: numberof pules, v: 
volume of Barkhausen region (x 10-° — 


farger than the time of polarization, the height ann * 
of pulses corresponds to the total charge trans- ht or F om 
fered during orientation of a Barkhausen region. _ Barkhausen region which are computed from the — 
ye known setisitivity of the apparatus gives. curve h using the known values of polariz 


; oa @. 
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previous paper, the author reported 


, phase shift: measurements. In the 
a aot eriments, it was ‘noticed: that the 


phase-shif sensitivity ¢ could be increased by the 


- ata sla is 5, deponited. 
the eae of t light ‘transmitted 


‘slit ee the ‘interference eae of 


lines by the rotation of the compensator, 


e caused shift of fringe between the 
and {II} is re-adjusted. 


ds to the phase-shift 4. 
deposited as. (a) of Fig. 1, the value 
ed by the above procedure gives only 4, 
t by the specimen of the type (b), it ave 24 


tive. When the two samples of type (c) are 


ee : 
_ These curves indicate that the ‘Bark- > 


. em and 3mm in thickness, the commercial antin 


4 ‘ion of the double slit interferome- 


SA. 4 in the 


 {I] and [11] is adjusted to make the 
specimen is translated to the. position 
The rotation 


compensator gives the quantity which , 
With the 


erposed, the sensitivity of the instrument is 


© 


Fig. 1. é 
to lay the same films also on the back surfaces. 


and only the observation for the normal inci- 
dence is required, the sensitivity can be inekees 
ed to 164. es | 
_ Actually the a ciiae tried such measurements. 
On the shadowed parts of type (c) of the cleanly | 
washed glasses (BK7), whose. dimension is. Bx 2m 


fogging jens cleaner made. of good. soap was. * 
painted and then wiped cleanly by the absorbent 


gauze. With such specimens, the observed phase~ ; 
shift was 4= Sa me —0.008, for 2= 0.592 _ 
(where ¢ = 0.014 is the basic glass. correction). 
When the refractive index of the films ‘is: as- 1 
sumed to be m=1.5 or 1.4, the ‘film thickness. 
calculated from the above observation is. 110 & 
The formola for the- 


Ear (where ng Eg 


and 140 & respectively. 


calculation is given by 4= 


a per 
1.52 is the refractive index of the basic glass) 


For the surfaces wiped by the silicon oil paper q 
lens cleaner, 4 was —0.005, which corresponded. 
to the film thekness of 60 A (a= 1. ae or * 80 AS 
(n=1.4). 5 ane oie 

The author batieess that ee vilta up a 


more. glass plates of good optical vunifor 


Peay 
further amplification is not bcesibl era trae 


“Reference. 
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edges at 0.63 (2.0 ev), 0.84 (1.5 ev) and 2.0 (0.6 
ev). According to Mott and Gurney’s interpreta- 
tion), 2.0 ev corresponds to the energy difference 
between the full band and the empty band, and 
0.6 ev to that between the full band and an 
impurity level, the difference between this level 
and the empty band being 1.5 ev. 

Now we have succeeded in obtaining the ab- 
Sorption spectrum of cuprous oxide in the visible 
region. The spectrograph used was of Hilger 
HK; type whose dispersion in the region in ques- 
tion was 40 A/mm. Light source was an incan- 
deseent lamp (400 W). 

Fig. 1 is the reproduction of the absorption 
Spectrograms of cuprous oxide taken at room 


temperature. As will be seen from Fig. 1 (a) 


there appear two 


62 
: CEST (0.8 a sharp absorption 
edges at 0.628, 


co (1.973 ev) and 
2 3 : Cb) 0.637, (1.947 ev): 
‘ The spectrogram 


(Fig. 1 (b)) which 
- was taken with 
Fig. 1. longer exposure, 
shows anotherabsorption edge at 0.605, (2.047 ev). 
Thus the absorption edge 0.63- discovered by 
Schoenwald proves to be not a single absorption 
edge, but consist of three absorption edges. 
The electronic transition corresponding to these 


three edges are shown in Fig. 2. 


Empty Band 


2.047eV 


Full Band 
Fig. 2. 

Next, we studied the temperature dependency 
of the absorption (from —135°C to +150°C). The 
results are given in Fig. 3, of which the curves 
indicated by (b) show the behavior as functions 
of temperature of the two absorption edges ap- 
pearing at 0.628 and 0.6374 at room temperature, 
and that indicated by (a) shows the similar be- 


havior of the edge that appears at 0.6054 at room 
temperature. From these curves we can see the 
facts: 1) the vertical distance (the energy dif- 
ference) between the two curves (b) is nearly 
constant; 2) at higher temperatures above 0°C 
the energy changes linearly with temperature; 3) 
at lower temperatures below 0°C the dependency 


is not so simple. 


Energy iw ev 


=]00° 0° +100° 
Tempe C_ 


Fig. 3. 


At very low temperatures (<--100°C) three 
new absorption edges manifest themselves at 
0.580. (2.186 ev), 0.577,“ (2.149 ev) and 0.575, 
(2.154 ev) These do not seem to be shifted with 
change of temperature. 

The investigation is 
still in progress. The 
details of experimental 
procedure and the results 
obtained as well as their 
theoretical interpretation 
will be 


separate paper. 


reported in a 


Hig. Ae 


In conclusion, the 


authors wish to express their thanks to Prof. 
T. Hori for his continued interest in the work 
and the many valuable suggestions he made 


during the investigation. 
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On Some Regularities in the Isotope 
Effect in the Spectrum of Lead. 


Short Notes. 


(Vol. 5 


was examined with a Febry-Pérot etalon and a 


glass and a quartz Lummer plate. As an example 


of the interference pattern taken by us, the 
photograph of 25609 and 45545 (Pb II) is reproduced 
inv Bigs: 


By Kiyoshi MuRAKAWA and Shigeki Suwa. 
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5 


Arrangement. 


Introduction and Experimental 


In two papers") the authors described the 
regularities existing in the isotope effect in the 


spectra of heavy elements. In this paper experi- 


mental basis coming from the lead spectrum will 


be presented. 


v— 


Fig. 1. Interference pattern of Pb II 245609 


In order to obtain a bright t f lead, 
Ee au SD ocr Ct aeed and 5545 taken with a 11mm etalon 


a hollow cathode discharge tube of the type 
described previously*®) was used, and the tube was 
filled with neon or helium. The fine structure 


§2. Results. 


The fine structure of the lead spectrum has 


POT A440 i PHI A4LI6& Dbl A4058 
Pb 208 206 208 
py pee fs Db fe 
| ‘ b | the aka | *% 
tie Et eae: ’ 
li Bieal| aot. i= [al 7 eee @ 
-0.140 -Q072 O cm'| -Q222 -01704 (a) Q100\-02220 -Q0893_ (0.007) 02171 
yo -0.0627 0.048 -0169 ‘0 om? 
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Fig. 2. Hyperfine structure of lead lines. 
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_ there has been no ‘paper that has been concerned 


_ the recent work ‘of Manning, Anderson and 
_ Watson?) may be mentioned. . 
~The structure of the lines that we Pretten 
as carefully as possible is given in Fig. 2, the 
same type of expression as in the case of refe- 
rence 2 being used. ) Under “each structure 
* diagram, the transition gcheine for Pb?’ ([=1/2) 
is given. The splitting of the term 6p*P, of Pb? 
was determined from the: “structure , of 22873* 
(6p? P,—6d' D,),. and was used to inter pret rte 
structure of 24058 (Pb I). 
We are interested in the ratio of the dist- 
“ances of the neighbouring even isotope com- 
- ponents, namely (Pb**!—Pb?"*) /(Pb?°°—Pb**), which 
_ will be denoted as R for the sake of brevity. 
The value of R is given for each line (where 
_ possible) in Fig. 2. The abundance of Pb? 
being very small, the measurement of R is 
not so accurate, but it may be assumed from 
_ Fig. 2 that R is constant for every line within 
i? experimental error, and the mean value of R 
is about 0.98. The component due to Pb? be- 
ing weak, the interference pattern seems as if 
itis attracted toa neighbouring strong component, 
s so that a correction was carried out photo- 
metrically for every distance Pb?4—Pb?". The 


seems to have been a little larger than just 

necessary, so that the value 0.93 can be regarded 

as an upper limit of R. In any case it has been 

- confirmed that FR is less than 1. 

EE Manning et al.,” using a sample enriched in 
the isotope Pb?!, measured the isotope effect in 
the Pb I lines 24058—2802, and obtained the value 

- of R ranging from 0.85 to 0.94, the mean value 

4 being about 0.87. This is in good agreement 
with our value, when the above mentioned, remark 

is taken into account. 

5 AS to the value of the ratio (Pb%s_ Pb’) / 

4 (Phe Pb?) which will be denoted as R’, it may 

be seen from Fig. 2 that R’ is also constant for 

- all lines at least in the first approximation, and 
the mean value of R’ is about 0.615. 

The theory about the value of R’ proposed 
recently by Breit) is based on the Schmidt model?) 

4 of the atomic nuclei, and according to this theory, 

‘the value of R’ seems to depend on the structure 


* The accuracy of this = Satulept is not so good, 
being of the order of +0.005em-!. 


4 


- amount of correction that was given actually. 


>. Se aaa MO ae ol nt amie Nee Le Ce oe” ab ra eS Wa fo ie 


Short Notes. We ‘ ee aha . ; Aw ae 
Bc measured. by numerous spectroscopists, but 


4 with the regularities to be described below. Only © 


(1) K. Murakawa: 


R’ is in harmony with the theory. 
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It is difficult to determine experimental 
stress distribution in powdered mass without : & 
serious disturbances, Even a slight displace 
of the measuring device) affects it considera 
Here; it is attempted to adopt a. photo 
method for eliminating such defect. 


comes transparent for the light. inithea a e say 5 
range of URIs This principle has sales 


and nbarens are filled. The quantity of si .. 


+ 
2 eae ir 


is chosen sufficiently large to submerge _ t je 44 
and bubbles - ate ex- 


surface of sand mass, 


to the stress distribution, A small ring-shaped A 


\ 


piece of phenolite is placed in the sand where 


‘} to 4 eae sirfhed ot inn e 

this phenolite. ring is stuffed with Gatton wool! 

80 hat the sand does not enter into. the hole, 
 foree acting upon this” test-piece is de- 


ed I by the ee rats method of photoelastici- 


te nd the outer contour’ of it or the 


“i method i in the case “of thin 


te 
of s 


iit 


‘which is a sketch of the peed taker 
| nthe applied load is 150kg and the: vessel is. 


3 rectangular cross patie 5x5 om. 


4 


ringe order 


in t 


Stress 


Pappli d- load ‘is fatpe! Saal comparatively large 
amount of stress is exerted to the bottom. 


“some other Kinds of transparent powder and with - 


- Further experiment is now going on with 


q more sensitive test-pieces. ash 


oe The author wishes to express his sincere 
“thanks to Prof. M. Hirata, Prof. K. Yuasa and 
3 ‘Mr. Mori for their kind suggestions and encour- 
Be semenits, Ras eo 
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a “Zhdanov reported that the layer of. selenium 
a rectifiers, which > were annealed at’ 210°C. after 
“having been treated under a pressure of 7 tons/ sq. 
em. at BHC show a fibre diagram: with [1120] 


as. the fibre axis which is oriented normal to the 


layer plane: af STN MRR tyr But aT ae a 


in, this ‘paper the orientation of. lenis is) 


eryst ites: in selenium rectifiers, which are 


‘fibre axis se ‘its detain iden is -deseribed 
below. When an 1 Xray | beam falls on a fibrous 


; positions. “of Spleterenes sabotal on eylindrieal 
Pp pastezepiic films are shown by the relation, 


Y v1 1+ sec? 20 cot? 3 
Sey tan 20; 2: 


wes tan-! (G95 0) eo au), t 


nd Mi ‘ ‘cos — —COs B sin 0. 


6: Bragg’s glancing angle. 


‘Pressure at’ 


; ‘Temperature | 
ist* heat ‘Without 2nd* treatment. ° 
: Moisgen) heat treatment} ‘170 ia 4h 
— z y iu Ate a ts le SIRE: 
URS Bens iy gay 
50 | 848 6+ 41 644 
100° | M246 (M43) 122 


Aeey = ‘ 


‘sin Bcosé 


6: inclination between two planes ; one involve 
beam and the fibre axis. 
o: angle between normal to the: net plane | of | 


erystal and the fibre axis. 


af : inclination of the line passing the intert 


spot and the center from the horizontal, hi 
he unfolded Gallatin oie * ; 


"beams are recorded on | eylindrical Gone a 


rs 


We have observed that the inten: 
diffraction rings: of ue) and eee aren 


films. 


We have Rerceinee: the pall degr e 


“expressed by the equation, 
eR -G0°— H°) 


90° 100, 


_ Table I. Parallel Bee of Sele 


Crystallites. 


--*Specimens are obtained as folloy 
plated by nickel, is coated with selenium, 
to pressures 5, 30, 50 and 100kg. ‘Isa. cm. 4 
130°C. for an hour and annealed for four hour: 

170, 190 and 210°C: 


git 


selenium erystallites in selenium recti- 


preferred orientation, the fibre axis is 


is perpendicular to the base plate. 
4 selenium erystallites show 


when ee specimens pee at a 


aera, i 
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ts 


‘\ 


/ 


random : 


ientifeation of the’ hexagonal form. 


i ng temperature at the second heat Avie fat 


‘These, . patter 
show three kinds of diffraction rings due 
~ cadmium 
Cadmium selenide is known to have two ‘mod 


cylindrical » Tle eapele. films. 


selenium, cadmium selenide and 
fications, which are isomorphous with zine ble 
(cubic) and wurtzite (hexagonal). Nearly all 
lines due to the two modifications are 2 superbe 


‘Forth Ce. 


(1070) of aausiotes and aia of aolenii: wh 


are however distinguishable from the latters. : 
Using | ‘these as th 

criterion, ‘we have confirmed that. Nos. A i oH an 
contain cadmium seledide in the hexagonal f 


the photometer curves. 


while No. 4 is of the cubic modification. 


Next the thickness of cadmium selenide la 


is measured by Shimazu’s method. We 
‘2 modified it as a form to be gaa to mo 


" 


layer, and the intensities of the diffracted be 


ne 


abgoriece of tie vuppear layer. Sy ee 
aneinhieg the pierce sae of; the pie 


Tas layer. can 2 be calculated. “This : 
given i . 


ES ~ 
“oP ail) 


a . 


NE 2° pF Sa (0.) 
[rs 


As Tis intensity, of diffracted beam, 
thlakaieee ic of By upper layer, mia 


factor, ‘linear Ree TE, coefficient, 


glancing angle and Lorentz factor, é te 
ect re ie i Oras ver . 


y Sense | 


Avs 


ie aa 
d 


051.2) x10-4em. 


- 1.0~1.4) x 10-4 em, 


— (0.7~0.9) x 10- dem. 


(i. 2~1. hi x10-*em. 


: and the wet methods. “Cadmium, powder 
Oy 10~152% excess ‘selenium powd 


mixture is heated to above 869°C, till reacti 


begins. The. product is “powdered and 


about 1,350°C. for a few minuits. 


polemical Ponda by the wet. 


however, no diffraction ae 


_ diffuse 


"diffraction rings due to both the ne | anc 
the cubic “modifications. pie bee 


} ¢ 


ae trades Pie eeoks of. CdSe Prepared By 
Peers The Wet! Method and | Pressed. 


“ig: hie 


“Spain 


fiers ae ‘est with ae ; 


: hn 
078) : 
; (1122) an 


[ Intensity aera 
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1,883 


is aes. amd: becomes es be a eee 


um 
both the cubic and the hexagonal modi ent ons» 


ni; Ey 
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sinus the device ete by group of parallel metal plates whose distances between 
5 neighbouring ° plates are very small compared with half wave length displays similar Rage { 

_ properties for electromagnetic wave as polarizing material for visible light, I calf this ; 
_ device Siete plates dielectric and investigate its fundamental eid goa 


pe RS: 


: is OB. [Ou = ORIba, as 0, 4 the oo Wade 
the metal ‘late ficlectrie perpendicular Tet OH, /0uy = 0H./du, = 0, : 


ve 


Diva Pennant hate abt 
cross section of the metal plate and boundary Ou See Ou: Rigg ms Rae i 


e ‘shows: the cross section of the boundary . nh 2) ft B) 0, ‘ Bie 
t E a De ay aoe 24 . . ‘ ai : Wi “ a 


Fay (H+ Ga vg (tl) =, 


nates in Sree: and 


(a (a? = = he (aug (uy es 


? Fig. ra “Orthogonal Becta 6 Metal | throughout «y-plane. lence rememberin 


‘Plates: as the tangential electric ‘components vani 


metal plate ce . 


EB = 0, y= “const, (throughout g 


lane 9 parallel to each piel Ae w-axis (1.2) and (1.3) show that both electric-and m 
coincides one of the plates lines in Fig.1. Plate tic fields are derivable from generating fu ‘ 
lines are all parallel to w-axis and lies at y= 0, ¢ and ¢* as follows 4 . 

! 1 2b, Bis nae the a aac line cuts w-axis con ; 


ane are enue ess sith those with reaped ee A a AO EN 


time and e-direction, we) can neglect the 


This paper was ie prepared as the following Av = Ap = 0, (thr oughou t oy-plane) oe 


apers by the’ same author: ‘Fundamental Theory of 
Plates 2 Dielectric. - (received on 23 June 1948)... : where 4d represents’ Laplacian cA wy-plane. 
tr nagnetic Phenomena on Metal Plates Dielctric\ of 
Str cture,’ (received on 17 August 1948). 


remerabes that tangential electric and normal 


’ . oe -' ae 
magnetic components vanish on metal plate | 


% ‘surface, we easily find the boundary conditions 
‘ ‘of @ and ¢* on plate lines are quence ¢-axis is paca to z-axis and ie 
eee a a metal plate edge and y-axis is along the 
ee boundary line. Hence if we denote by upper 
__ where C, C* are some constants. suffix (1) the field outside and by (2) the field inside 
ee i "s satisfying (1.8) and (1.6) can be written in the boundary plane of ‘the metal plates electric, 
th we have by (1.5) “s x 


ei, 1.10) ee 7) 
EO = EP =0, He = ie. (1.18) > 


; oe C, ¢*=C* (on plate lines) (1.8) 


By (1.12) we get BG ttre Ramee, 


es Traness by the external field and is most _ . dw _ (1/c)sin (w/p) 4% te ; we, 3 
eniently obtained by comformal representa- > dz, cos (w/p—6) “” oie ae 
in the following manner. - from which we have |. ee S| a Ane 


~ 


ppose that two complex variables / Sia 


. Nate lim “ET expongntialy to zero, ) ~ 
=2tjy, w= w+jv see (Eek) Feo) | ; ‘ 
Stree ee tats 136) “cage 
: bined by the relation ; on a eg : 2 se 


flaK(e e cos a tan oy = sin (w/p), a. 12) 


side ii metal slate alloca” apart eet 
boundary line at a distance far greater than 1 


= pe z/2+6) sin 6+c cos 6 log (cos 6), 
Db i Bie. s Ti Bt By ) \ (1.13) between Meg lines. Smee the distance ett 


(1.14) 


dielectric. Hence id ns 6), @. 10, a. 15) ond 
weget is es 


» t ) 4 Py 
nit Wy iB being constant) (1.15) / : EB, = - Bye C= “Al cos 08) 


nformal representation. Similarly’ we can a =x (= ae cos 0 


te ermine and get = Maxwell’s field equation este “ey 


oe = Ary 40%, . (1.16) OB aE, Bn) 


on OO] 
If we ‘combine A 8) with the 


jou He +( 
ah re Aty expresses the part of oe due to exter- 
Id 2 and gee So! aber the part ¢ due to current 


ae Now we shall consider the macroscopic “These bowtie conditions can be 
: ndary conditions at the boundary of the metal. even in the case where the di 


aad Let us now. take rectangular and permuability. # vary near the 
ie ditates §,.7, ¢ so that its origin is on the of metal plates dielectric. — 


; In as to are that (1. I): holds even 


4 where j iy ee ft are unit wertors along 2 ey Ug 


Piiied:.- Even © and # are variables, the’ second 


“equation of ie 2) still holds. Hence 
Bi: ‘ 


ae pee (1,25) 


t 


; rd do as uniform. _ Hence . Mag ge 


OE = const., “(on AB or CD side.) 


‘s bstituting a. ae in  (l. =) we an6 that (1. 21) 


“y 
t 
ff 


ae plates Roles discussed i in foregoing 
is of infinite: breadth and plane electro- 


“he anitr +4, hi = oF - (2.1) 
“ea = ribpitgh, (2.2) 


‘ are the Siécoroihaniette constants 


Reonsianently: a 18) deduced even a 5) also ~ 


: ee _ fs ey a Glee 


edges becomes baat andl the fields. can be 


(1.27) 


at, PC) (gic FPN) } ; 


outside the metal plates dielectric is the super- 


Mo, NC defined be 


b+) = - exp {Jot —~J (118 +p + qo)} 


MOH = j6i x Ign = JOC) (—gqj+pk), af) 
NO = — $C ix yn) x nc . 

= (6 /ha) (12 —k’) i— 11 (pi + gk). } 

Electromagnetic field EO, HO) of ie “ia 


wave Propagating in the direction nc is ' x- 
pressed with the aid of MC, N@ as follows ‘A 7 


EH= bere foes (22 ac>-+j00~) fom 


sO % wee ra Nore 


mke—7re loom Ft) fe ae 


—D(q MC +; TN) J 


Let us consider the anit vector n> and e 
Mc ), N@) defined by. 


a) = —Fyi+pj+gk, hag e 
ot > exp {jut j—ne te ta gaan 
( if ¥ 
MO = fyi x kan = joc (— vite). | ea 
N@ = —$) (ix kin@) x n@ (2.8) 
= WO NTE HDI Da) a: ‘ 
Dep eae Stine in the direction n@ is 
4 rig q x8 “i 
= Hs ICO (SY Mo _jpn@ ) 
EO = mya {OO (i; se ae a I 


: a a jqgN =) a 


rs un re =a 27? fer o(p MC jit ae 


If we consider that the electromagnetic fl 


position of both fields given by (2.5) and (2. 9D), 
field must satisfy the first condition in (1. 18); 
Hence there must exist. the relation ; 

pea D> eto) 
between the coefficients of (2.5) and (2.9). But : 
Cc and CC do not subject any restriction. 
(2.10) shows that the part of the wave field. a 


= fai, cos t) 


HO = en shies a : 


yee 21), we get 


ee i ) and (29) becomes 
He f 

sel (Gian tim”) 

a kere \ ky : 


Hokey cos 6 (I 46%) 2 ¥ 1G 2-0), ) tii 
lett” (SiGe ay es iT - a: 


a ; Cc) Cod 71q a5) (21d) ; o, : Ti ¢ 24 ke ‘p? cc ie “0m ik 

C+ + ri LE PL PS ie Ma Ga 
my kere 2 (pM =n 2 ‘ v Zee BS me € + } 
cM tes co tes aie : 

ack ky —jp } , 
Oat | (1164) 
Tad aie 3) cat 
(497 —*NC-)). 
ee eae? ur ie a 4 aE us first consider ieaitoke 


electromagnetic wave is s ineident 


{ t 


HO =H He > (2. os 


t 
x 


Ey: the: aay projection a peeoiees 
are (2 14) on 7, ¢-plane et raxis, we have by (2 
Pe Ma Kay TAN? eae Coteus Eo Ee ge 

y ky yas Me ba eg ; aN Mi; as ee “T= hyc08 0, pak sing cose, qekh 


es ‘ hm 


is 3 os ie oe 
y ast Since there is s no return 
dielectric, we have | by ¢ 


substitute ‘tale in aaa ae 


, 


E 


ot (re ¢ Jt a The eer | : { 


ayy ry ay « . e Fd 7 
xe SPylcos) (je at, (2.15) 


1 
’ 


*= hig, ky stem. (2.16) 


djarcensie! is. ‘imaginary. i aie “ey. 


are the electromagnetic constants of the Ke 16), G1) and. (8.8) 
si inside the metal blaees dielectric. The 7, ni is elation of sea 


and the ‘space ‘inside the metal pintet dielectric 
_ displays. attenuating property and consequently 
mo transmitting wave can n propagates inside the 
a metal plates dielectric. 7.* becomes real; when 
Bf > Eft cos¢, by (2.16), (3. 1) and (38.3), and by 
’ the second relation ‘of 1(8.2)" 


2 jes| <jcc ri (when OT cos ¢1) (8.5) 
‘This means ets if eats > eis cos ¢, the reflected 


1 


Dielectric. 
‘Snell’s law. © iM ; 


inside; the metal plates dielectric is incident on 


Rese " pyYikerkes § sin dy — Make cos 0 (le? naa - he cos? dy ») 


‘which is the transmission law ieee sults oi to 


Now we consider the case when the plane 
electromagnetic wave propagating in the space 
the boundary plane. Since there is no returning — 
wave in free space in this case, we have by 
(2.14) C’-)> = 0. If we substitute this and (2. io 
(8.6) in (2. 18), and solve (2.18) simaltaneously, we . 


a exis 
have Sone 


i 


matted sin ¢2 + 49k, cos 6 (ky? — ky? cos® gy) °s 
Che ee, ny , ' 2h okey ke, cos 6 sin Po 


Ga 


wave is weaker than incident wave and the 


transmitted wave travels without attenuation 


mside the metal plates ‘dielectric. Nh 

eat we combine (3.1) with (2.2), (2. 6), we find 
that: the law of reflection of electromagnetic 
e wave on the plane of metal plates electric is the 


td absolute value but 
ony opposite in sign. with 
each other. 

If we denote now by 
Dy the ‘complementary 
AR AE eg angle de- 
fined by the angle of: 


Fi ig. 2. fe oeuesery: 
q " transmission angles. % 


P the: inelination of propagation direction of trans- 
4 mitted wave in ‘the space -inside the 


‘ the metal fvlgie edge, we have by (2.16) 


71 


ee cos ae = = ky COS $2. fi (3.7) 


Tet 1, ated. Vy ihe denoted the Sake Galocitios of . 
_ electromagnetic waves: in free space and the. 


space inside the metal ‘plates dielectric respec- 
4 _tively,, then thy = 1/2, Aye 1 [Vox Therefore @. 7) 


a ‘becomes. 


Cea eee ae 


~ Aatileske sin % + Holey cos 6 (k;” — k;? cos* ¢, a ‘ 


aime as that of light penrotton t. e., the direction : 


_ mitting wave out of the Bouniay | ations 


_ incidence is parallel to metal plates construct 


\netal- plates, 


‘ ‘dielectric with negative direction of ¢-axis along . 


q= = hy cos ie To* = ky Sin do - . (8-6) 


iting 
_ / inside: the metal: plates atedont rigs ahd these va 


_ 


‘ fi 14/0, 7008 G1/COS bry (3.8) 


By (2.1), (3.6) and (8.9) we get 
|FC)| =|L| and 7, is imaginary, ae 
—k; cos? $s < p*) . 
|POO| <|\PF| and 7, is real, ma Mh 
‘(when k2—h,2 cos?’ > pp’) ye ‘ 


(when k;?. 


away in free space. (8.11) shows that the 
dent wave is partly reflected by the bound 
and the 
attenuation in free ek 


transmitted: wave travels wi 
It is notable t that 


boundary plane asin ihe case of. reflectios 
wave incident in. free space.: The ‘plan 
the « metal plates’ dielectric, and pelea ; 
reflected waves are perk on 1 this: leaeg: 


ve 
angles are equal in magnitude but opposite in 


sign by (2.15).. The relation between the propa- 
gating, direction of incident. and transmitted 


waves is the same as shown in Fig. 2., provided on 
that the direction of propagation in opposite . in- es : 
sign. Therefore oy hecomes the complementary _ 

incident angle and ¢, becomes the complementary _ : 
transmission anglé, and the relation’ ie 7) and — 
(3.8)‘hold as before: ° ant 
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f PCTs : FV 2, 5) Stet eaee 
AS, If 4 the thas is. constructed by blocks of owing to its slowly varying cieactienet prope: 


ls, and if the breadth of these blocks is in space. ; . re oe 
small compared with the wave length OPO Let us define the macroscopic quantity. 


nagnetic wave, the behavior of the body ; 


blockish for the electromagnetic wave. 


y behaves as if it was constructed by periodic patalicioniped whose ‘enter, is 


point P. This is interpreted analytic 
ke ‘Let the coordinates: of. che La 


- 


macroscopic Guaauet g of “sn 


matter, and the general theoretical expressed by the following integral 

of which shall be discussed in this’ ~ ; 

y i : : ’ PREP" Se y+b/2 etfs r 
9g ee ef : s ade aya. 


mo : ( abe zal? 0/2 x=0/? 


‘eaten varying with the periodic ad rt 
the body, Hence if g represents | the fie comp 
nent, it must be of the ke 


A 7 r . } / - 
y MPBeBET so that Xs y and z axes. are Meta Weente eee | = Wf, C6 


ing the aes has Mes ing pre 
ng ag se BRN. OWADE PREP OERY Ps ‘structure of ‘the he ate 


wa) =f (etm a; ytnb, etme), . (1) the integral @ and make use of the f 


the integral, we = have 


oO ‘ i et Py As Ran eA : ee / 
im : F . ' aft SS Coes 
the parallelepiped whose edges:are of = g —~—™” aft per . stef2 ‘ded aoe 
, Be, SAE si? opts. mat AS Sete 


‘ he, A 


right-hand. Pee 4) is a c aus : 
roeture of the Sera is seetir the  eleetror ey yy enetguls eee » z 


: analytical treatment. Hi is convenient to : 


1 


4 “ma roscopic quantity, by (2). 


Let us now try to get. the macroscopic field 
: _ equations. Let us write down Maxwell’s equations 


px E+joB=0, 7x H—joD'= J. (6) 


By we operate both sides of the equations (6) by 
the operator . 


1 eae VEDI peel? 
as {  dedg de pass OUT) 


x—af2 Vy—p2 


_ and make use of the fact that the operator 7 
and the operator (7) are coma Tie with each 
“5 other, we obtain 

pxE+joB=0, pxH—joD=J, (8) 


ae bar represents the macroscopic correspond- 


-ing quantities. © 


If we define mascroscopic dielectric. constant 
4, macroscopic permuability #, and macroscopic 


pipiarion ais 


- conductivity @ by the relations 


a 
s 
rts 


-D=GE, B=28, J=@E. 95 


q 8), and (9) make same field equations as common _ 


a electromagnetic field equations, | 


Hence macro- 
scopic field vectors satisfies common electro- 
_ magnetic field equations. 2 

The above results for the Se of periodic 


"structure ate also applicable for the body of 


Ke 


gaa aa aia A igi a 


x "statistically uniform structure. In this case 


gi. lengths of the edges of unit periodic parallelepiped 


vi 


"numbers ‘of blocks included in the parallelepiped 


are ‘statistically invariant wherever it may be 


wee 


Be. 
i 


removed in the ‘body. 


7 : ‘ vent. * “ 

Spherical particles of equal magnitude are 
- distributed in uniform solvent so that their 
F. centers are at (m1 a, No b my c) in x, y, z-coordinates, 
5 which are assumed orthogonal in this section to 


; avoid the unnecessary complexity, and where 7, 


negative. In this case unit periodic parallelepiped 
becomes rectangular which shall be called wnit 
rectangular parallelepiped hereafter. 


hee “ Artifoal Matter Foo Electr vmagnetic Wave. 


hag is” ‘appropriate ito define the 


- very small compared with wave len gti electric 


ordinates are (0, 0, 0) in a, y, z-coordinates. “The ie 


are chosen: such a manner that the shapes and, 


PAS Saliceicat Particles in Uniform Sol- 


disturbance of the field by the particle besoniean 


Nay ns are zero and all integers positive and — 


Res ee ep to ee 8 ee SS eee 
i 


ray runt a re oo 

} 895 3 
; Now we shall consider electric field distribu-- : 
tion in the neighbourhood of a spherical! particle. — 4 


\ 


Since the radius 7 of the spherical per is 4 


7 Fig. 1, 


field can be treated statically and put © 
E=—y6. , a 


epherieal particle are 


OPS aneee (at hm) Wey 


= by ee Oy os) 


suffix 1 expresses the agentes of ine spherical re 


@ and ¢ Seth Bee, three 

If we solve this a 

equation so as to satisfy (11), we get dy and 4 cee 
3; 


1 
1A 


of the solvent. 


dimentional Laplace’s equation. 


as follows: 
$, = —E, (x cos a + ycos 8 + zc0s v) 


i 3 
Cr E eg = 7 3 
x (1 5 Baie SO <3) H 


£-+2e, rv 
36, 
= — =e 2s, E, («cos «+ ycos 8 ea 
i i geos7),-} > an 


where E, and x, 8, r have following meanings. 
In the space apart from spherical particle ‘the: 


weak, and the electric field may nearly be regarded : 
uniform, this field is denoted by £, and its inten- 
sity by E,, the angles of inclinations of £, with 
x, y, z-axes are denoted by a, #, 7 respectively. 

Now we shall evaluated macroscopic electric 
field E using the formula (2). As already explained ? 
in obtaining (5) from (4), the value of macroscopic . 


quantity is independent of the. position of unit a 


piped on 1 the center of the eer iti: and 
bstitute (10) in 2). Thence we get . 


abe J—pj2 J-c/2 


; re ae i {66}, aja (elu aja 2d 


| al. (3 {i ya [aly- 1/2 h dz 


rai A Bs sae 
: feds (13) 


parallelepiped, this macroscopic quantity I 
be D—jJ/o. Hence Pais ce -Lrs fio bac 


a 


substitute (12) in (13) and neglect the value 
on the surface of the unit rectangular 


Vary i . . ‘ ‘ ’ th 4 i Bee y) ¥ { 
piped compared with unity, (13) becomes. oN D-j J jo=t, Ey ae + ph ies z = ree 
sy i A ‘ : 8 


\) 


Céimparing at with a, we eat 


An Axrp ’ vay BBY 


ae ene vo B+ 2c, 


if 


( 4. sie in eat the diélectric constant 


4 ‘Specially rer: (22) becomes ° 


mst be te oer Therefore mes cK Saat] aia eerie oes on ad 


and V. ‘ere aes of the ‘spherical . When the spherical partical Is 
d the unit rectangular parallelepiped #1 ‘may be regarded infinity. 
ya Tf we evaluate E, by substituting us that if the small metallic sphér are 
n (10), and if we substitute the value an space, the space behaves “a8 dié 


stained | in (15), we get § ‘ i whose macroscopis iat const it 


dn ry? e1— ey, 
yal uses j 
«metal balls dielectric”: sik on j 
With regard to “‘maerose 
the same arguments used 


[erate Pa) | f di lect: - are’ b 
eee, ae : (17) Je ae ric beac ve ba shee ed, 
iat BS et ay ae dar’ 


*F aft: sp ee 


is s obtained. 


by. Ni a iat ae 
= a Sod ey Ory =. ies —jos joys 4 fatren) as te : } f; eae fih 
ead of (11) Hence “ : ‘The result (25) tell us 


tae 7 = ef = e bia ‘}w . =) (9) ; Sia | Yi ~ ‘ 
ee bai particles of high permuability ith the 
lays the part. of ein non-conductive case, rks’ of low permuabliiai td i 5: 


q statistically équal in shape and number wherever 
pit: may remove in the solvent. |The results 


_ corresponding to a, (22) and (24) become . 


Pe 


Briers the duttix i means the quantity of the ith 


vf 


spherical particle and » is the total number of . 
the particles contained in the unit rectangular 


* 


serine. nein 


= Pars 


93. Artificial Mattor of Sandwich ress 
The boas, made by piling up eh kinds ‘of 


— 


TN ie 


ee 


a 


_ plates alternately i is called ‘‘ artificial hitter of 


-sandwitch type”. The artificial matter made by 


ee 


Rips 2. islaneow Seciion of 
| bg Artificial Matter of 
on ie ; Sandwich ‘Type. 


+) 


% piling up two: ‘kinds of plates with eae 
mag: netic constants | f1, fy and -&, My shall be 
diseased i in this section. The thicknesses by. and 
"Os of two kinds of plates are assumed very small 
“compared with the wave length of electromagnetic 
In this case the : sedge-lengths of unit 


4 wave, — 
a rectangular. parallelepiped are b = h-+b, in direc: 
“tion perpendicular and are arbitrarys in direc- 
q fia parallel to elementary plates. : 

Ris We first. consider the case that the electric 
q ‘ seistd vector E is same in values in neighbouring 
two elementary .plates, consequently: Di=E 


oD re E;— Ey ee 

Safieg or V = Biter re are (6) 

: Bi: ; be ss 1a » Anp® ej!—eo>) ey 27) 

Pe he Hey 

ee wee wae Hh! 8) 
iz a Me t2e, 


4 


‘and. D, = ti: in two plates: respectively. There- ? 


- Specially in the case :<e,, (30) and se) b 


- get (21) from (19), we have’ 


(86) and (87) become |g 


fore! their macroscopic values: E and-D are sal 
i E=E, Da (bite, b) B/i+b) eo | 
Hence: macroscopic dielectric constant € becomes | : n 
“s'= (evybi +e, bs) | (O18), 


‘(E]/ plates. at 0) 


Chen the Be field is perpen eb * 


elementary plates, the induetion ‘vector D is 
ay 


same in values in neighbouring ‘elementary 


bis 
4 


Cope auently E; = Die and pe an Di, ie 


a 


pl ates. 


take Her macroscopic values D. and E are 


D=D, E = (bi/*1+0,/ 2) Di(bstb). 


Hence matroscopic dielectric eohetang @ 


f 


a= (+01) | (bs Peitbs res), 5 (Bab plates 


B= € 


&b,/(b1+0:), (E// plates.) . 


a= oe b) bs (Es BE Ear ya 


electric is pliuaeia te Pe ee 
When two elementary plates are 


e;! ane dh defined: by BS =isehi 


: &y! =e-joi/o, , bol ee adic’ 


play the parts ie ey and e, in) ae 


case: By ‘using the same ‘argument . as 


EJF | w = (81! byt €0! be Gc oy 
. (E,// plates. oy 


ja /o = = (bh +6, afer tbs e2) 5, 
Sn teti (i plates ie 
If a vanishes for all direction of E, and if 


¢,=0, (E//plates.) 4, 


=< ey, (E 1 plates, 6 ) 


SCE plates.) i. ta kencc ae re 
E =(bitb;) e1/bi, (BE deplates.) 


4 = Sy 


rranged Ree een caliely to aemantary plates 
ver the whole spaces in the plates with dielectric to ae tary plate E.and re oe eth es 
constant ©, . Such an artificial matter shall be to the plates. Hence by substituting (80) ‘ach nd 
alled metal needles dielectric. in (42) we get . 
Frovonding in the same manner as we have : NOE ptt awe = | 
= w* (e bite be) (#1 b+ Hz b) / (b1 +82)" « (48) 
When the plane wave propagates along elementary — 
plates, there are two cases when E is parallel 
and # is perpendicular to the plates and when Le 
E is perpendicular and His parallel to the plate ei 
In the frst case by (30), (41) and (42) 


B= o° (4 by+e bn) (amt 1) 


‘ 
/ 


In the second case by 2), (40) and (42) 


B= 07 (41, b1+-45 bs) /(b1 / e+bs es). at 
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Radioactivity of Thoriated Tungsten Wire. | 


By Itaru Nonaka and Shoji TANABE. __ 
: he x ; - é “ives 
Matsuda Spee he thes Tokyo Shibaura Electric Co. Ltd. | 


a =i 


(Read April 28, 1949, Received ee 5, 1950) 


4 
is 


in the course of high sichaeratore treatment 


S é 8000°C) of the thoriated + “tangaten ingot.” 
led Gelger-Miller counters. In this, 


however, only the relative content can 
mined because of the complication of 
Hg m of ups in the wire eae and the 


THC +C/ +0"), If some yh the sbeitat th 
; elements or their parents MsThy or RaTt 
AWAY.) some sees of the actiy i 


te of oxide ude is igoraidaeoia ‘te be diffi 
: the ray method do not coincide with those of porate, or even if it evaporates to som 
[ per iacal method. For example, when the. the reduction of the content tls 


the result oF chemical analysis. pS TRY 


than five years or its Peanoment. feomn ore, 
ae greater parts of RdTh* and all of the other 


\radioactive elements are in the state of element, 


from their melting points in metalic state. ThB, 
ThC and ThC”, being istopes of Pb, Bi and Tl 
; respectively, have their melting points near 300°C 
and are considered to be very easy to exaporate. 
‘ThX and MsTh, ; being isotopes of Ra, have melt- 
ing ‘point of 960°C and are considered to have 
RdTh in 
: metalic state has melting point of as high as 


"medium hardness. for evaporation. 

: —1845° 2 so it is very hard to evaporate. 
to make. clear ‘the variation of radioactivity of 
thoriated tungsten with time. 
variation extending for several years, direct 


measurements are uneasy ‘to be applied. For 


Eto know the degrees of evaporation of the radio- 


active elements during the heat treatment and to 


‘caleulate the time variation of Tadioactivity from 


_ these evaporation data. 

i As the first step of such problems, we treated 
pure _ThO,. ‘specimens at several _temperrtures 
_between 1500°C and 2300° °C and fried! to know 
the degrees of evaporation from the time varia- 
tion of the radioactivity. 

In the second step we applied the same 
method to ingots of thoriated tungsten and esti- 
mated the long period variation of radioactivity 


of thoriated tungsten wire. 


Pee Theoretical Considerations. 


heat. treatment the intensity of y-rays or rs rays 


is determined altogether by the number of atoms _ 


of MsTh, and ‘ThC disintegrating per. unit time. 
- Accordingly, the intensity of y-rays I; and of 


 Brays Is are expressed as follows, 


fe) 
he => Nyt h, No ; 


: where N; PM N, are the number of atoms of 


* As RdTh is an. isotope of Th, some RdTh atoms are 
i those. which had accompanied Th in tne process ate refine- 
encet from ore. 


so their facilities. for evaporation can be estimated 


_From a practical point of view, it is important é. 


For long period 


such purposes, therefore, it seems to be suitable - 


At any time not less than one hour after the 


eis ta i tah fel SN ACL, a oe agen aie Rag Vie eben oe 


ee ee Thoriated Pungaten Wire! ries oe 399: 4 


MsTh, and ThC ee ass. 4, and 4, are their — 


disintegration constants, and the numerical 


coefficient 0.67 is a factor@) indicating the 


difference of sensitivities to be detected of the 
y-rays form MsTh, and Th(C+C’+C/’). 

Now, we denote by k, k’, k’’, and k’!’ the. : 
proportions of the atoms of RdTh, MsTh, , MsTh, ,. by 
and ThB (or ThC)* respectively which did not ne 
evaporated by the heat treatment, and by Ni Nee ; a 
Nr, Nx, Nz, N., and’, 4, AR, Ax, aps Ac the 
numbers of atoms and disintegration constants 
of MsThi, MsTh,, RdTh, ThX, ThB, and ThC’ — 
respectively. Before the heat treatment, there. ee 
exist transient equilibriums between MsTh, and ig 
MsTh, , and between RdTh and the succeeding” 
elements. 


Accordingly, if we ‘denote the quanti- a 
ties before the heat treatment. by (© marks — on 


their shoulders; there exist next relations, Ns 


ee f & 


where A and B are considered to be constants ‘4 


(aNyO si - (dy) =A oe 
ArN Rp) =(AxN x) =(AgNz) = (Ao N. 


during a period of the order of months. , ie 


dNe 
dt 


AN, = kl (AN)O = k’A (const.) : 
at 20; LN,=k' (4Ny) =k A (const.) ? 


= =A.Ni— AN, 


and we obtain the following solution, . 
aN, = hAL(W—b) Acie | 


Secondly, the values of N, can be obtained ee 
by the following simultaneous differential equ 


tions, . i 
oN = ApNep—A,Ne : et 
ah = AxNx—AnNn | | : a, 
ONE = tgNn-AxNx Fo: Oo 


ApNr=k(ArNr)™ = kB (const.) 
att=0; A.N.=k’’ B (const.) 
ARN = LEB. 55 5) 
AxNy=h'B ( ,, ) 


We assumed for simplicity the proportions of ThB and. 
ThC are equal. 


We can solve these equations SuRreeayey and ee 


7 


: - ebtain, the ae solution for N, Nei\: 


=, Nerrs 
=B[k—, rants eee kl) e- Ax! 


cael 
ay i, oy Hie ki) — re 4 gwen] ee 
ual 
(6) 


uti ing - (4) Bad (6) itp (1). we finally obtain 
“oe lore expressions for J; and zs 
Ty(o2)+0 BTA (kl —k!) e- 22! MIEN 
LSB (k—He“hxt ‘ 
—B{1.10(k—h/!!)—1.25 ek enter 
© BE (0.10(kk')—0.10 (kk! )pem Pot.” 3 ing ‘ibs popabeiin es of Tray: canoe i 
)+A(K—k)e-rt | The results of the measurements ‘are 
(LGB (hkl) e2xt | in Fig. 1,2, and 8. At 1500°C ‘the ; 
na POR th 10(k— Kl") — ae 25 (k— HY} e-ant : activity is slight | and reedve 
\ ~B{0. FUME Kl!) — 0. 10 (k—k’)} e74z a3 7 et 
3 Sor Na gehen On 


‘haa 


Lane 


Ny a 
two parameters. A and we -but..,. Yi 
ae 
ee 
Pat peg 

inl goon approximation, or 3) 

_GN)O sve ta . ; 

~ nN x) a KSI 9), 


@: we can obtain following. relations e Fig. 1 1: ‘adloativity 


), Hem) and 1:0), PEN ie case: 


4 


a 1600" “C for 


' 
i 


FT) Oras tele yn 


ie Sear 
ERO CARS cit acer &] 
Re pid ORCS 6 1) S 
ne 0.7381! ke be fate ones ws] 
FO) 1.738 i Caan eh nets ike ; 
‘ { =2°§ i 
imilar relations fori Tp fed eatin a, i 
0) 1.10%" — 1? ste ROL ee BNA ele ods ; 
0 are RT UAMIVAG Henn tye ee LC 3 
id (ay Bree eta 14 


Ae). geo HERE 
¥ Bei ae if 


eer ka gerne: temperature and the: other from the: portion cas 
pression becomes greater and ‘its recovering a so\ the! eer ee And in’ the former : 


a) 


ae em] ] erature fonts 1 ThB ana ThC evaporate, but at about 0. 5mm in thickness. ° Then we aves . 
nig er temperature ThX begins to) evaporate. on: three cases “high temp. (outer)”, NG “high Ms 
From t the formulas (%, (8), (9), (10) and (11) we temp. (inner)’’; and “low temp. Cate The 
a in evaluate the four Se a ae ky heck’, andy. fete are shown in Fig. 4. ‘ 


a 


not evaporated i in the heat FS oe The results | Pee ah eer Or ee 0), 


Ss 
S 
= 


Se ace dplinnery 3 
Bejore the heat ng Se a a raat 


‘a 4 


¢ $3 Jpioutert ; y 


2 ye 


deslaea ie the formulas a pee ® with the 
above values of k’s. 


at 


in the case of Raays we are oheeksine the 


© Counts “ber min, per gram 
2 z Me 


> : 


e 
= 


: ANT 
SThoriated Tungsten Ingot 
000°C \ [4 
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Fig. 4. Radioactivity of ingot after’ 
heat treatment. 


: Bea jin aig! case “of T-rays the average ‘throughout 
the: “speciemen. se Mra ‘ 


In thas case of Y-rays there was no differ 


between above three cases, so ee analysis 


it em 


Pais: the second step we performed an experi- 


a on thoriated tungsten ingots. Ingots are. i 
“ heated . as high ag 3000°C in the course of their 
. roduction. . ‘The ingots used in this experiment ‘ 
Bi was. 6mm square in section and about 30 em in 
cf ngth. { The temperature | of heating is not 
iJ perfectly uniform throughout the total length,- ‘so 


a we prepared two speciemens ‘of. about 2cm in 


Py length, one from the ee of ‘the highest 


BEAN he: Table Re hereporhions of radioactive elements not 
by) ess 3 ‘alee ean a rds evaporated in He heat treatment. 


» by et Ne ais Hi Lhe pe Rays \ a _ B-Rays 
ROR Oe a Serie 
4 el RdTh | MsTh | MsTh, | ThB RdTh MsTh; 
a etn Ne ThX Thc he Oh Nae 
4 mh aes As Naat DL igty ie Ki hy i Ke 
4 Pure ThO, RA ye ets : . ae rm . 
Be NOS Cen) (LOO) i097 oot” €L.00) Om. (1.00) 0.96 ~ 

Bearer Acne 0,06 te) +0.05, +0.05 | | 
» < do00°c'! | © (1.00) | |--0.97% 1. | 00). | 0.16 (1.00) |. 0.87%. | 0.86 
g Metacark i 0.02 +0.03 | | +0.02 
Bis. 2300°C. | /1,01' -. 0.45 0.95 ' (0.0) | 0.78 0.33 0.50 
Bes nee +0.08 +0.03 |- 0.08 om +0.08 “x0. 02 
S Ansot, : } ; 
— -3000°C 10 » 0.08 0.73 (0.0) | @) 0.71.7" | 0.05 
eee +0.13 | £0.07 £0.05 +0.05) . +0.02 
Petia Saeae | /(2)0.98 | 0.06 0.37 
> te 40.06) +£0.08 
m 
4 ‘ 
2 


_ (2) Inner layer 0.5 mm deep. 


7 "specimen. (r-ray case) MsTh, and ‘ThX evaporate : 
eB almost entirely, and in the surface (@-ray case) — shown. 
-MsTh; also evaporate almost entirely. ; pn a 
From those results on Table I, it is known 
at -MsTh, is harder to evaporate than MsTh, 20 
' ThX, and perhaps have higher melting point _ aN 


: > 
han that of MsTh, (960°C). The solid curves in ; z ‘5 
4 are those calculated by the ee (7) x 
: > 10 
rey & 
\ Q 
Long Period Variation of Activity. os 


m the results of the preceding section we 
culate the long period variation of the 
a 


‘ xe (year) 
: of thoriated tungsten measured by years. : / *Pig: et tong peried variecenea f the 8 : , 
any time more than one month after the - aetivity ‘2 thoriated: tungsten wire. = 

eturing of the ingot there exist transient ‘Un fortunately, however, the 38: T ° fe t 
tive equilibriums between -MsThy and ae 
and between RdTh and its: daughter | 


‘Tt seems very natural that the” oie ed 
points lie between the calculated curves of T- 
Siete ane Rate} 3 and 10 kd respectively. ote +" 
“y T= AaNitaeNe a2 | eee ot x! 
e the time of ‘high temperature treat- § 6. Conclusions. zt 
the origin of time, then at ¢= 0 (in a From these facts described abéve_ 


sured by years) we can put as follows, attend to the. Eollaveing, points: when 

ey ‘ 

“(ANDe- o= KAO m1 
: \ an 

(Nadiad = kBxB 


nitial condition we obtain for (4,.Nj) _—ibe Paige ea at least two weeks eee 


. facturing. oe 
3 ( (ii) Determination of ‘the 
content must. be performed by mn 
rentnrn ft aa? am oy a Vad (la) chemically analysed standar | wire, ot ; p 
eB ae en Nays if ii) During a period. sunied, by ye rs t 
Pat Mane p MOT UN bee } activity varies cocsiderably. : 

the other sana the quantity of RaTh in In cso ‘the authors ex 
‘inal ThO, sample varies as a function of cordial thanks to. Mr. R. Akiyama of 
since it had been refined from ore. — laboratory: for his kind. ‘preparations 
simple calculation we obtain for GaN tungsten ingots, and also to. ae 


{ 


flan =(AN)an Prapaaten em} a 


Education for financial aids, 
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‘Introduction. — 


In order to obtain the absolute number of the 


incident A particles or r-quanta from the measure- 


‘ments with counter, it is always necessary. to 
~ determine the efficiency of the counter, i.e. the 


_ counting property per one particle or quantum. 

For B counter, the window foil is generally 
thin as ‘compared | to the range of the @ particle’ 
- and the absorption of 8 particles in the foil itself 
can be ‘neglected. According to Danforth and 


ie 


% Ramsey, the 8 particle coming into the effective 


domain of the counter can be. counted at the rate 


Se 


of nearly 10026 when the gas. ‘pressure in the 


counter is more than about 8 emHg. . Since an 


ordinary counter is used at the pressure greater 
than this value, the efficiency for 8 particle can 


absorption in the window foil can be neglected. 

When this condition is not valid, the penetration | 
probability of the 8 particle discussed later must 

be considered. ; 

For the r- rays, the prapicns is more compli- 

eated. A few workers?-®” studied this problem 

for the Trays of comparatively low energies up 


to about 5 mc*, and some rasults were obtained 


‘ for the brass or aluminium counter. There is, 


however, no reliable knowledge for the high 


energy 7-rays such as emitted by the (Li-p) or 


paper** to calculate theoretically the efficiency of 
the thick walled lead counter for the high energy 
_ f-rays which is generally used in our laboratory, 


* A “preliminary report of this paper was given at the 
a meeting of the Institute for Chemical Research, Kyoto 
; University. November, 1949. Rep. of Inst. Chem Res. Kyoto 
_ Univ. 20 in print. 
' * A theoretical calculation was made by H. Yukawa and 
Ss. Sakata for the energies up to 10 Mev®). 
hy aaa Ce Ra cited as I. 


The Efficiency of the Coe is Counter for the ee 
| _ High Energy YeRays Il. 
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' since the experimental determination belongs to a int 


be practically considered to be 100% when the © 


(F-p) reactions*. The author tried in the preceding -_ 


| Hifictency of GM Counter Pee High nergy rT Besya’ Tee ies ( 408 e 


very difficult thing in the present state of matter. 5 " f 
In that pan} the effects of multiple scattering and : 


city. This assumption is, however, not spoon 


true, since actually the secondary electrons suffer s 


the multiple scattering - and the radiation loss. 
Furthermore, these effects are more important _ aes 
for the wall substance of the larger atomic num 
ber such as lead and therefore ‘the. numerica 
values calculated. in. the preceding ‘paper give | ‘ie 
only the upper limit of the efficiency. A new oe 
calculation has been made in this paper by takin 
these eifecis into account. 


SG General Method. 


In order to sstaphity the calealation, ¥ 


thickness as the cylindrical counter as shown ia 
Fig 1. 


Baia ae due to. ‘the 


The necessar, 


y-ray would be consider- os 


ed later. a aa 


* 
Now at first we must © 
consider the angular 1m 4 
distribution of the sec- : 
i 

4 

oh 

Bt 


‘ 


ondary electrons. It can 
be infered immediatly 
from Klein-Nishina’s © 
formula®D for the Comp- » 
ton recoil process oe 


shows that most of sec-’ 


Pendary electrons are emitted in the forward ' 
% See The Ey en effect is extremely 


ees without serious error. i, Gonwtee: This fact is expressed in Eq @ bt 


ix fy On the contrary, the pair creation process . eA 2 
, “contributes consriderably to the efficiency in such 2a,(hv, E)p(E,x)—ap(hv, E)p (E, 2h E = 
high ener ey. region. H. orgies has ealeulated | 


which ‘means the total probability that| either . 
positive or negative component or both of the 
simultaneously come into the counting space. 
The probability for the production of the secon - 
ary electron ¢, and ¢p can be calculated “by. t 


are emitted in the direction of the Mee 
. ordinary theory of quantim mechanics, a 


: effect of the panitila! scattering by the x mi eth , F 
PTR a eM Ss NaN aren Disc Wg aN aaa } 
ane B)p(B2) vanes of Fowler and others ete q 
eles ; mes) Multiple Scattering dite: i is 

», EYE, ft) aol BE, *) a Karte ‘ 


‘The electron beam of homogeneous e * 
which is initially. parallel is diverged by ‘ah 

; scattering and the number of electrons” 
in the rial direction decreases gradual 


i electron is eroded and esi becomes so ee that the imped 
are the probability for the production electrons occurs and an) “apparent “absorp 


' of secondary electron of energy E by coefficient” resid be used in Bae e ealeulation. 
the. incident r-quantum of energy hy 


by. the Compton effect and the pair 


Ba rastck process respectively, and remaining Sakae a ne, ae ith 6 att r 
is the probability | with — which the ing a distance w is given, dopdrding to: W. 
‘electron of energy EF can ‘penetrate ‘ by the expression — re 

: through the thickness « of the wall. : 
the case of the pair creation, the two ) pdb) = =1— ie 
(positive and negative) are emitted at 
time. Therefore both of these cae A iy is the most probable scattering angle 
can’ simultaneously penetrate into the ef- | given Ae ‘ioe oe ao ’ ae 
Space of the counter when ou smaller | 


‘certain critical value determined. by the 


Bey incident T-ray. These two particles weeny N- and Z are the number of 


TLS Wea] ae + 


, 
ane 


a 
cee 
fh f { Pe 


‘2(E,2) = dere na ep Bar. fe (log 


Recently a series of observations with Wilson chamber * The calculated the efficiency of 1 
en made for 17 Mevr -ray in our laboratory). The - when the wallthick ness is great comp 
are taken to agree well with the theoretical expecta- secondary electron. Their wall thickn 

tion though these are not decidedly conclusive because the greater than 2.5m for th { 

number of the observed tracks is not sufficiently large. al. 


Ay ante (eholaaien the radiation loss). 


be written as 


radiu RR is the atomic reais fon 5x 10- 1-5), and — 


dE 


is 
i 
sae is oe lower limit of impact parameter Rud) & \ —(dE/dx) eon 

Bi is measured in me unit. ; With aa (9), Us) ahd (8), pol East) can be ae 


- RE, a) = = - cet oes sialyl (3/) more for the larger w and ‘the completa diffusion 
begins in the long run at a certain value of 4 


vas 2 
aah : where % AG ‘NZ Mar ne (4) The above formula becomes invalid beyond tl 
Pr: In the case of the lead wall gins a critical value. : 
® Kas: 
Le 2 é = 8.87 x10 , ; Hen CANN tate 


energy aoe traverses the, sMiphntees x. oe is 
ae ional to ‘the mean aaa A peptierme 


the sthieleices of penetration d, above wh 
diffusion appears, is given from: Eq (5’) as_ 


d= te E) 


(5) 


A a eA in the case of Pb. 
B= ae Bcf! —(dBIa)aa de (6) , | HS 


: ntegrand Ee means the energy 
: y the collision only. It was ‘caleulated iDYae) 
several workers. y _ According to ig it is_ 


considered and is Saray. equal to 21. 3 
: me*/ lem n for, Pb and namely 


(7) 

oe Byat oot 
“oe pau a aN BN 
on Birt) a 


nt absorption coefficient”), ated 


(By) = = 1-exp [Be —knyg [Peta RNC —(Uip\dpida) = L8i/e = 1.30/HF 


ee Then 

a = ex By Bs 21. 30)¢%/l. T1310) (8/) oe | coke 
Ponta AS eure 

; Gis ere 1.3¢ i art 


* The etharinental alee is oheiwen 30° and 34°, 


: 6: = arecos | Ro(E) ; . i ** Fowler and others assumed that —(dH/dx) is'also cons 
' stant in this case, This assumption is, however, not rigorous- 
here Ral Ey) is the! average range of electron of ly true, since the electrons are near the end of their range 


in the case of complete diffusion and their energy may. be ee 
ener: E,, when: only , the. colngeons “process is considerably smaller than in the multiple scattering. " i 


oe “ (ipa\dprlde) = Noe 


Nera = =. lem-" for Pb. 


= J exp(— ah la) 


exp{— _E,,(E,—21.82)¢°[1.77 108) an. 


tiple scattering region and A 


ve} am 


exp (—1-lz)pa exp [-13e{ 


on of Secondary Racliations 


, considered. 


sumber of s2condary electrons of energy } 


f ed. ata point x distant. from the inner 
' face of the counter is given by. 


tum hy. ' : : 
These electrons’ will decrease in “number 

scattering and radiation during the pene 

of distance y. This decrease was discussed | 

preceding section and: is given as ee y. 


ny) da By) se as 


The ‘nuraber of the quanta OE ine: seco 
radiation emittad at the point y. is eee 


porn dx (Br) Neraily 


: therefore, given by the integration of Eq. 
and namely. ie 


7 ; at 
: PR, 


Hf | parece dr dy an, no 
=f lore talt—alet, BE ta 


quantity is given by 


‘We (B) = jeuitaae 


hs ‘ 
where o(Ey,hv!), is cate differentia probab 


the results of ‘the quantum 
~. tions), 


‘Unfortunately, howe er, t 
diverges for the’ small’ hal 
catastrophe). s 


~ process | of enn, Se 


of hy’. 


in a 1 rough approximation as follows, of 


\ 


ae ; : . } aT 06 OT °8 
10 2-1) = canst = 1.524 fies ey ‘ wall thickness in cm, 


Codintar of Different Wall <3) 
- Thickness for Various — 
r-Ray pre 


‘The integration’ is Peet atgiedl by” the Ber hical ae Tabie I. The Efficiency of the 
a method and is found to be ony 0.5% for es 194 Rectangular Sat . 


aS a2 p ; : 
me? and t= ; 0.65 em. SER Riss Vad hRe BakLa Cots a) i [7 senergy of reray quantum in 
% ae Ren ES te ocd, RS SRG te tie een ea YN) > 
x eae ae ; Fre ae AMC TS feet are 
‘ Results. ; ; . 
(0.65 3.0% 7.896 
, Substituting Eqq- an and ary into Sd (1), we Puey at iok FTE ed 
can calculate the efficiency. nalhy, t) of the rec- We OED ea eRe 
tangular counter. . 1 EARN AQ ie, esd oes LZ 
ble ie and 1 Figs. 3, dee : Ra, . As 0.20 japeak B16 4.9.4 
wr Tyee ee Py i202 soe Tne 48.9 
ea & is 0.10 3.3. 6.4 
cee varies 5 with 0 “The safidieney Mo. for the 
os al counter is rien by. 
Os es ty = = fro cos 0 do 
Se in which (0) can be obtained from thet resu. 
iB) 


Ae the rectangular counter. , The. numeri 


> values’ obtained for the counter, of inner 


Oat 20 “30 


"energy of y. quantum in mc? 2 Sai are shown in Tele I and Pee 
Fig, 3. Pmeioncy of ecubaulae Lead "eget Table Il. ‘The Eisiency of ie Cylinarie: 
. Counter | of Wall Tbtclngss is oes Counter (inner diameter 2 ng 
ie ae sis 6.5 mm. Bs eh ne 80a a . a = 
. fee Syehes wall energy of T-ray ns Be 
Be Gh 28 
0.65 | 2.99 7.6% 12.0% 16.4% 19.3% 
0.604) [re 8.0. 8, CESS 10g 
0.59 8.8.08... 10 SMa 
0,80 Sob 8.6) S70 si 18:8, BROT a 
OED | Bo 186 18.6 IBS « 


Une 8.0 98): 18.8, 16.8) 


efficiency in % 


20 


30 


035. 04 ; 05 0.6. a7 
wall thickness in cm — . 


01 0.2 


- etergy of ¥-quantum in me? 
5. Efficiency of Cylindrical Lead Se 
Counter of Wall Thickness of 6.5 AN ech se Hig: 6. Relation between Effi- rea 
i mm and Inner Diameter J - ciency and Wall Thickness of Cy- § = 
3 2 em. ‘ ) lindrical Lead Counter of Inner 
: / Diameter 2 cm for Various r-Ray Nv. 
Energies. . 


nuclear effects. Fig. 6 is the efficiencies: for 
various. thicknesses of the lead. counter of 
inner - diameter, 2 em. 
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7 e éalenlation described in the paper I, Geuckally speaking, there ‘may oce 
fect. of radiation was assumed to be multiplication Process like th 
sed by the equation (16). In the brehm- ‘ when an electron or a ‘T-quantum of igh ner. y 


1, efkect, be the Geen vans of enters: ‘into | a substance. : ho: thev of 


ere ae bape to be counted in that penetration probability i in 
: The value oF Pr (Ey, x). calculated there the shower theory. 


Now if Ne (EB, a) is 


~ 


Fig te 


-obta ined as follows. 


ee 


Consideration by Shower Irhesry. 


‘the number of. the elect- 


: rons of energy E produced by the multiplication 
process at the depth of x distant from the ‘point 
z where the initial electron | 


Of energy £, is ‘produced. 


(See Fig. 7). 
The total probability 
of penetration with which 


. ithe electron of energy E, 


ean travel through the 
distanee x will be given 


De (Bys) = ("ne (B, a) al 
7 (26) 


ie in nes Se a 


Bi" Aicary tne equation satisfied by %.(E, x) can be 
In the given thickness dx, 
‘the number of electrons with energy ‘between EE 


= an ce ee dE undergoes the ehange because of 


the following effects. ' 


‘a duce. a certain. number 
“i range & E+dE).. 


aR arf 


(a) ‘Photons with energy hy larger han E pro- ' 
of electrons i in the energy y 
This number is 


ftv (hy, 2) [% ey By +20, (hw, E)| A 


b (27) 


ae Ny (hy, x) s the Se of photons of enerey! 
hy, produced by an electron of initial energy EF). 


(b)- Some electrons: with energy E’ ae than 


: a EB enter into the interval (EZ, E+dE) by radiating 


- ‘Their number is. 


‘ venergy hy. 

- (c) Some “electrons 
hoe E+dE) leave this 

Toss. Their. number is 


Set 9 


dB ao(* ne (Bl, nye (B E!—E) ant 


initially 


‘9 (E; hy) d (hy) 


‘ part. of their energy Sates 


(28) 


ate as o (BY, hw) is ‘the probability with which an 
i electron of ‘energy. he radiates a quantum of 


interval, by. the radiation 


bak 


_ energy interval (hy, hy-+-d (hy)). 


One (Ey) 


and the problem becomes very difficult. 


adopted. 


in the, interval 


radiate a certain number of ‘stowed in ‘th a 
This: panies ‘is i 


d (iw) dx\® ne (BY, 2) 0 (BY, wan eS 


_(e) Some photons initially in the interval. (hi 
hy+d(hv)) are absorbed by the pair creation an 
the Compton effect. 


Their number is) < 


d (hy) dc, (hy, wx) + (he) pais @ 


/ 


where t (hv) is aS absorption coefficient of th 
7-quantum of energy hv. 


Therefore pita enim oad eet 


0x 


E 
E=1 
| g 
0 
Ony (hy, x) 
Aron ts 


(E,. fe d (hv) 


al Ve i Ne (Er, #) GE’, mya dE! a Be 
—ny (hy, x) t (hv) 


In ‘the shower theory, we can. make use of 
the assumption that #, is infinitely large 
therefore Eqq. (32) and (33). ean be solved 


assumption is, however, not. valid is” ou! 


cordingly the sane simplified method 


An Sleetron of energy E ean radiate a a P 
of energy between 0 and E with a ‘certair 


bability.. However, we ea Hee 


hy is given. by Eq. (23) in eae paper IL 
‘Namely 


. follows. : 
One (EB, @) et: 
a bie 
ite (BY, 0) 6(E)—ne (B, 0) 6(E) (820) 
. pe ae 
2 A eh, AK : a 
2a he) = ne (B", 0) 6(E!)—my (hy, «) c(h) (38) 
u % ‘i he 
: 
% 


‘ag 


hs By 


f eee: 6 is rine radiation probability of “the. OSG 
tron of energy E. i eae tS : 
i : 4 ‘ (Er cr : pr (Ey, 7 Pa J exp se [1s 


in the region of the complete diffusion. x P re 


(84) | 


tron of energy E’’ radiates a photon of 
| energy hv. 

f the energy &, of the initial electron ig 

Fac, (ie) and (33/) can- be successively 


efficiency in % 


Fig. 9. Efficieney of Rectanigulay’E peaay 
Counter sib ba: ‘Thickness 6.5 mm. ee % ‘ 


Table 3. Probability p, (Ey, =). oes pony Maghe 
Thickness ‘t-In' emity "14 jis)" SAE ae 
05 |~ 06 | on a aba ak fas a 
0.84 | 0.78 |° O71 Te ie 
0.82 0.75 
0.83 
0.84 
0.85 


‘gw tit Shower Theory 


Rts ak Fawler Method Cad 


Pe 8. Probability p,(E,,«) © 
for Ey = 84 me? . 
mr 04 06 08 
8 wall 1 thickness 


x{1- ~exp{- fh, (E, —21.30) ¢? /1. 71x10} (35) 


13.7 . 


18.7 


oe al 30 a 34. 
0.10. B.196\ 6.996 “1B96 1.69% 
0.20. | 36 | 9.0 | 124 140 | 14.7 
0.30 | 3.5 | 10.4 | 150 181 | 20.0 
0.40 3.4 | 10.3 | 15.3. e | 22.8 

3.3 | 10.0. | 15.0 |:20.0 | 23.7 
3.2 | 94°) 14.5 | 19.6 | 23.8 
RL OBieddt 1191 - 28.6. 
} 8.15 8.9 ; | 28.2 


oe Table ee The Efficiency of 
ee ae the Cylindrical Counter 
_ (inner: ‘diameter 2¢em.). 


Energy: of Toray quantum in me? | 


ae 


aed 


50 


* 


| 
ins 
Fo pe 20 E 25. | 380. “34 
oul 3.796) 9.1%, “13. 6% 16.094) 17.49% 
a “3.6 110.4.) 15.2.,"}-19.4. °) 21.8 
Se) RAST 102) \y 150" *|19.8 7} 23.6 
Bee Orb ada <|°19.6 | 2807 
ee aa 9.0 | 18.8" | 18.8 | 23.2 
- Soe pag ee 18.3 | 22.8 


ie: ark: Efficiency of Cylindrical Lead 
Counter of Wall’ ‘Thickness 6. oe 


- wall tpiehness is i roughly pono 


useful. 


(3) G.F.v. Droste: ZS. f, Phys. 100, 529 ah 


Tu ee eae Nonaka: Proce. Bhys-Matb: SpE Ja 


efficiency 
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Fig: 12. Relation between Efficiency and 
Wall Thickhess of Cylindrical Lead — 
Counter of Inner Diameter 2cm. — 

for Various 7-ray Energies. 


y-ray. Moreover, the efficiency of the constant 


in conclusion the author wishes. to. 


M. Kobayashi and PrOtsaK. Ries for 


suggestions and valuable. discussions, 
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yes i“ wr _ Then os as padhot scalar and rectal 
oe tials, by the following definition. a 


bout he “gpectram’ Of ‘turbulence, “many 
ay he e already discussed in these days. 
Karman and Howarth ete. at saad ‘Now wre, Seat take the cartesian he 
e functional relation ‘between the ; ‘whieh are fixed with, respect to the ge 


V= grad O+rot y. 


theories « are ‘semi- empiri. oop: _very any or at ee SA peer 


; is Pra (VIbie<t 


nena to 5/8 power of the rm 
; 1). eye Cua tes tate bs j “aN 


sa a 
dy PRR in the ‘condition (2, 8) i is the 

ok, fires oy Fcoevike only in the _ length, which is represented by the radius. 

the considered vortex is sufficiently — vortex. Therefore we may conside 


at 


han the smallest vortex, and sufficiently — _ (2.8) is correct at the final 


Eroty: the > fundamental assumption 


an the largest vortex. And the experi- tunnel. Me eee vice 
shows that this ‘condition is not satisfied . Fr om the aaron @1), e2, 
sual wind tunnel. Now, present writer _, ean obtain the following equation. c 


the He imaerey tan method ey RES 


‘This: miosis will be baripad en tothe — 
ement of Taylor in: the last paragraph. 


ay ' Fundamental Equation. 
_ the fundamental equation of the viscous. be ae Pee (rote 


\ 
) 


-99V/at-+-0(V, grad V)= —grad pt+ovdV (1) expression _ 


py (@, UyHeaD ced Dx, G 

ee My 5: Cy 

Petey helt ’ NS, &). Nes oz 
n takes the following 


29) canonical equations. 
= {([uaedy as, 


‘@ = 0H /6P,, ’ Bye 

@.=6H/éP,, P,= 
: a cae oye ‘ Q; = oH /éP,, P, = 
Wen/08 ~ » moden|at, ak (2,11) We atel 


we. have 


£40 Ue we a @ ae following relations. 
[P: (r), Q; (r)] = ae —th Oj. O(r, ny 
[Pi(r), P; (y= 05 6 
1 [Qs(r), a Gh= 0, 
pees i orice. d(r, r!) is defined “ the equat 


at 


3 18) 


dye 


A Hi 
i 


aie bee! rd de = - Fer’). 


Here, ‘the universal constant as k” whieh $ cor 


3 


aesok Ha Ree a he ponding to Planck’s’ constant ‘a? in th qu 
The ‘La grangian” or ‘the function, from 


eae _ theory, should be determined by the « 


which the fundamental ‘equation (2,18) can’ be, 


derived oy, he variation on’ “method, Nas be given ; We shall. discuss the detail about this | import 

"constant ina later paragraph. we 
" Now ‘the wave equation becomes eh 

ae te ae : 

date 


ee 6. Development of the Variabl 
Fourier Series. EG 


We shail develop the ‘canonical | 
(QQ Qs Q) and PPL, Pr, Py 


Series! '40%. 


ti " 
oo \ 
Ss) 
f easy 


2 


vi) l- 5 one eri od nit 


Q= ws 


ee ae a 
P, = OL 00, = 0%» ON Rat 3 Rtas : ; an 
P= 9L/0Qs= 03.) tan = \\) Qf 8 exp {2rt, il} dody de. ~ 


n may” have ‘the: ia ; form 


aiorek ALS c SB ok. --eharacteristic length whieh : 
resents the largest, ‘special ‘period of. Q3 and 
; and ° pmay be determined, by some typical | 


energy of the characteristic sistent is 
wx peg? al F 


, 


«eins (m1) WN ; site 1,2 
; * Dev Vol | 
[pin,» gnJi=— he 85 ONAN, Ms where: h Ie i] et. 


course (ting q3 N,J=9,, (pin,> Pi N,1=0. ts 
6, Bye characteristic function. © ae pi 


_ Now, we calculate. the transition probabi i 
CON les Pe (6,4) means of the perturbation theory. 
i ‘ The probability oy which the toast yst 
removes from “<m-state to | : 
(6,5) is account of the absorption. of hog t 
by the thermal motion should be'r ep 


. 


the poet cig ce Lars 


a oN (41? N+9:? Poor nh 
(a6rt/4) SN (ge ntaintasw) wipes 
ye * 21 Gna)" el Nia iar 6 ®),. 


Pow =" vm) 1) (rm V8 aa 


ond 


* Ge and re are veal fanetions of time. 


Cao are 


oat a "state and a ee 


respectively, the P 


o* 
eo | 
r= (one N. gst tw ann) 
43 Na ty baein eas ‘w) 
3% (20)- WS) (roy? i= IE i 
lor (16n/0) 33 Naw +qstn-+gstn) 


it 


Evy.) 


ahs fess 6) on Shae (WN od -3} compared with the usual hydrodynamical ae 


exp @V'N8) | exp( We) 44)" (7, o "ment: This energy may -be the spinning energy | 
of the smallest drop of fluild. 
a = 2h ler. 


Gonaiie ele - i at 


h the wave: numbers wate are pate Thee constant cs Be He ne 


aN. I and (ray) VES . Hiss relation (6,1) is corresponding’ to Plandkts cons n 


oi Bett “i”? in the quantum theory. 

_ The Spectrum of the Turbulence: We shall write the following expression a 
ae #3 generally: 3 funetion of time. ‘But, ae gously to the uncertain principle by Heisen! er 
turbulence is is completely polarized, or Aisa Bh ay AQ4Pi Sk. a 


stant. independent _ of time, - Das simply a From (10,1) Cae ey 


 odnde > hla 


versal constant. _ Therefore the distribution 
function oF: ‘the energy in one-degree of pressor, 
an be calculated from (7, 3) 


fulN) = = SiN = = = (my—1) Ws VN, : 3% 6 2) 


mately. (8, 1) is, represented by the follow- ‘ina certain volume, 
Phe after 1 normalization. : Then the fluctuation of the mean “value 2 fe 


; 4h VN - 
“<6 1): c °@): OT io {(2h* [«D) ils ay) as ileeuteds in the onetime ned colds and - 
; Ea BWR re: tional to the average value os the) 
WCE yo VIN 


eo , “omniere fexp {2H [eD) VN}—1]- 2h “motion. shade oy Oh 


he thy ical Meaning of Hail. about the position where we endeavour — 


“tonian. Hote MR iM heey Seana survey the potas) of the OM, we can ay Me: 


In ‘Hamiltonian (4, 8);; ie we e neglect the. term 


\ 


of. viscosity in the equation of meron? the term ' 


i e) Ne, Pi is ‘ qual to. ’ Then the montbar of the molecules whose av 


a Re . velocity determines the velocity of - the Al 
“(@/2) Vv, Vip at os ar x nDnde, where D is the diameter of the mole ccule. 


or | the energy ‘in’ the ‘agua meaning. Pheterors and n is the number of the molecules 


the first term of ‘Hamiltonian (6, 6) is the energy ~ volume. 5 re I ‘te 
pin. the usual meaning, and the second term ‘Then we have . 
"represents: the irregular motion which has not 4u> ere Ae) 


‘J stream lines, and ‘whose energy. is mat involved 


in the first term. ix 
“The third term represents the Peaeeetation effect 
5 between the ‘mechanical motion and ‘the Miseosity, 


Finally, ‘the additional constant 


oe 3 0) pee ir] N ve coefficient of the viscosity. 


Thus “/’? is proportional to the viscosity. wy 


4 
p | 


We shall compare: the: theoretical expression 


daa dy at m é : 


; with ‘Taylor’s experiment. 
oe set sea igs or N=(4/O)l (11,1) 


Using the drcteenes 7 instead of N, from the ret a 5 70 Be 30 
; jon (8,2) we have | Paes alike ae ene \ 3. ieee 
ag r j + on ; + Fig. 1. *s 
Va tl a2) feos Bey” ER oe a: 
av it Ue ae ity . tas 
4.808 exp “[0)— ] : DEAS "References. 4 ati 
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Fane type, and determined the intensities 


; graphic plate. ‘Later Constantinov and Latyshev® 
also studied the same spectrum. They however 
employed two G-M counters working i in coincidence 


for the detection of electron. 


Their results differ 
from those of English authors in following points: 


K denotes the electron shell of atom where con- 
version of the r-ray takes place and 1379 KeV the 
energy of the r-ray) is. 3.510-+ per disintegration, 
~ while it is only 0.9x10-+ in Ellis and Aston’s 


: "report. Constantinoy and Latyshev concluded from’ 


fi _ their findings that this y-ray. would be of f quadru- 
a eg charaeter. 


not resolved in, the spetrum of Ukrainian authors. 


conversion peak emitted by: the ony, 1520 xew on 
* i the two. 
(3) The. intensity of. ‘Kui line Gonarted by 


that found by English authors. 

We have re-examined the B-ray spectrum of 

4 aC and studied these points in question carefully. 
‘The experimental method adopted was nearly the 

* same as Ukrainian writers’, but the resolving power 


of our spectrometer was much better than theirs. 


Bs 2. 


O 
‘ 


Reinet “Arrangement and 
Procedure. : 


a 


The @-ray spectrometer see was of usual 
" semicireular focusing tyye,. with an electromagnet 


i made of silicon steel sheets: The depth of vacuum 
| _ chamber was sem and the distance between. the 
Bray source and the slit of the first counter 
4 - 200m. After Neary, baffles made of aluminium 
"sheet of 3m in thickness were so arranged as 
to subtend minimum solid angle at the source. 
“The swidth of sliti in the first baffle plate was so 
‘chosen that the’ divergence of the electron beam 
available was two. degrees at the source. 
The. variation of the susceptibility of iron 
core with temperature is a ‘trouble in a magnetic 


of conversion lines from the blackening of photo- 


‘therefore was kept practically constant by insert- 


(1) According to Constantinoy and Latyshev, . 
the intensity of conversion line K1379 KeV (where - 


(2) The conversion tries. Lidia and M1414 are 


‘They futher supposed the superposition of a weak © 


Ukrainian authors i is about 40 percent larger than 


recalculation. 


eee alee: ‘obs high resolving “power. ‘The A 
strength of magnetic field. changes gradually with 
rise of core temperature caused by heat evolution: cn i: 
in the coil, even if the exciting current is kept : 
strictly constant. The temperature of the core 
ing water-cooled jackets between the core and : 
the exciting coils. 

The strength of magnetic field was determined ‘ 
only relatively through exciting current, the ‘Ho 
values of main peas of natural Sp “ 


ed by ne and scale. The sensitivity « Oh ‘this, 


around the conversion peaks 
jo ea 
The electron was detected. by. two G— 


counters working in coincidence, The slit oO! 


Experimental Results. 


§3. 

The experimental < results are shown! im 
Figs. 1-6 and also taaulated in the Tables I and: a 
II. Fig. 1 represents the exprimental results. 
on natural @-rays of, RaC in Ho-scale without. 
The numbers near the conversion’ 
peaks denste the energies of: the corresponding: 


es in KeV. The energy spectrum w 3 
valeulated for equal energy interval and is given 
Fig. 2. Figs. 3-6 depict separate parts of the 
ectrum, ‘where ‘the conversion’ peaks from in- 


-y-line are most clearly seen. The area 


n 


sh Fig. 3. Conversion peaks K606, L606 
eo and M606KeV. 


. 


Tee ea hc a Sh ss 
Natural @-spectrum of RaC. 
SIN eas Ba REL ial a he * 


18 Jono : 
kot cosa als Conversion: peaks 1120, 120, 
— - M1120 and K1238KeV. 


\ Y it 
f Peres, 


Sage 


S 


— i 


7 


conversion coefficients of different energy 
for main r-lines are also given in Table | 


: 


“Batatiys Intensities, 
X tins WI, 5 ies pret < . 
} 


a haa seer, &batyshey: and: 
i es a anpee _ Constantinov_ ‘yet 


CLaaahe ant Present se a ‘ 
i) Constantinov =~ writers (* Ellis and Aston 


TE RN Gis eres a 

Se OO) ae eee tat Pa af 0.08" 3 
Babys gay 0.056 = 
BAU) aug BOWL GS hed APE Soh ON 


Pea is SON, 


v 


; ‘§ Ae “Discussions. 


oO Asis nehtional in the introduction, there 


that found ae Constantinov and Latyshev. 


msequence of this divergence, the conversion 


believe that they accuray. of our 
as surely better than Ukrainian 


use the eben K 1879, was Sin dural 


rger tis ‘ours. ‘The: reason is. ‘that the 


1 points given by them, ‘between the 


: _ and (11414 for example, seems too ; 


aw a v seltable peckepoupa line. 


; glish writers’ as” Geeertbed lative. But 

: ( me: questions whether. the. ‘said rline 

of dipole nature or not. The intensities | 

ne found by: different authors do not 

e with. each other. The discussion on this — 
sda will be postponed until our experi: 


Tray spectrum of ‘Rac and its intensity i is 
t 0. 7, the intensity of 2200 KeV r-line being - 
e saa As to the athe 28 of se line 


aden nature and ave te oa inten 
the K conversion | peak sai doa eas found on 


“The: ataake Sheewes the maescaeal 4 peak anc 
peak M1414 will be comparable with that be 
aye and M 1414, And ‘its intensity i 

“to be about one half of M 1414° line, or nea 
equal to K2200 line. But. no trace ‘of sl ch 
conversion peak was’ detected in our exper me 


~e 


even though the region in question fhe ur ey 
are : : 


pe also fe suggested that the energy of 


little aiden than 1520KeV oe ; 


ose on M 1414 line. | ‘tay that ea: 


the intensity of the conversion 

be far. stronger than given: above. 

- drupole character. of - the, ‘rine in’ qu uest 
again very improbable. ne 2 ibe 
(8) The intensity of the 

XK aaa found by = was, again in 


the nature of radiation, in the energy region 


-quesion. _ The difference between the observed 


ue of 606 Kev line and the theoretical value 
seems Bo exceed the statistical error. 


_ As for ‘the origin | of this discrepancy, the 


lowing items may be taken into consideration : 
4 a) the scattering by the mica window ofthe 


anchoaged within the statistical error. If 


it) were the ‘superposition of a areal rine, Aes 


: J. Itoh and Y. Watase, Proc. Phys. Math. 5 


could not be decided by our experiment. 


In conclusion, the present authors express 
their thanks to the aid given by the Scientific 
Research Expenditure of the Department of Bau 
cation. 
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OS, is untenable. 


Mer es a note® the writer ees out “that the 
idea pees: Araki that the inversion of the doublet 


don  'Ta-You-Wu. 
| National Research Council Ottawa, Canada. 


(Received May 10, 1950). 


oe ata Te a reply to the writer’s er iticism on his theory of the inverted doublets in ‘core ze 


ir eager Abstracts. ; nt Pe 


alkali spectra, Araki takes exception to the first of the criticisms that the effective yet Fe 
charge for the f electron wave functions in Cu should be unity instead of 7.6. The ria 
my” Baeeresett note presents arguments for~ this criticism and shows that the contention of 45s 


In the following note, we 


the f electrons. 
show why the effective charge should be 


close to unity. 


Consider the one-electron problem of an 


electron in the fiéld of the nucleus and the core 
electrons, namely, V(r) which behaves as —Ze?/r — 


ole series of nf?F Ae is hydrogenie implies 


the ‘wave functions of these states are 
rogenic, with the same effective charge Z. 


these functions are apparently the eigen- 


\ * po 
fey aaa 
At 


BRN 
Z* must be nearly equal to unity follows 


fe ten rt aN 
(n—0.01)? 


ee perhaps more eee why the 


the funetion Vert 12 as ‘the effective 


9 


2, the region | of classical 
hence the region where the |Ri is 


ies at large distance from the nucleus. 


, pie a % ‘ : ; 


rin a=0.58x10-‘em 
Fig. 1. -/ ‘ 


parameter Z—8 
electron — 


is about 7 as contended by Araki, the 
function .R,, would then ‘have its maximut 
r= seal atomic arty which lies i in the non-c 


po oy. 
' must have R, wpe eo 


In his note, -Araki also. ee some ni 


1 Est 


sdadaies Set of the inokh 43 with hydrogen 


vview: of; tha “ase of these eae ; 


wave pcr no bite ras can 


(1) T. Yi Wu, J. Phys. aie 

(2) G. Araki, ibid, 4 (1949), 3 

(3) For details of such 

_ states in the heavy atoms, see 
eee Rev., ra i 


ferent. This line of ar, 
must see, that 8» which 
core electrons, is, for f lect 


_ the spectral terms giv 


above expression, one 


Fs sereening has heen ‘expected for Gradient values 
of the effective charge from the result of hi 


has been expected to be too smate in ‘agreem 
with Ta-You Wu’s argument. Tutihasi wil 
publish his result in Prog.- Theor. Phys. whe hh 
ae not been ails to fined the over-screening will finish the calculation for Na3d?D in wh 
larger values (probably larger than 8) of the he is now engaged. 
; er tive alas for the. ae orbital. The over- 
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qe “In some experiments on the palorietton of electrons, there is a discrepancy b 
- their results: and the Aphis ‘The: effect of multiple saints as a Oe hee cee 


nt ooduction. 


Bre? Dirac’ 8 s equation, Mott has investi- 


multiple SCTE and Clee enn 


a5) 


‘The Pepin! on ee - polarization 
ns ae out hes Dymond, Thomson °), 
angle of 45° to the incident beam the e 
the beam scattered twice at large angles 
single foil cannot be naga event 
Wentzel’s criterion is is ced 
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Shull, Chase, and Myers(), using electrons of 
the energy of 400 kev, and Shinohara and Ryu), 
with electrons of the energy below 100 kev, both 
using the beam scattered to the transmission 
side of the foil to avoid such plural seattering, 
succeeded in obtaining the effect of polarization 
not much different from that predicted by the 
theory. 
observe the expected effect can be attributed 
partly to the so-called ‘‘reflection-transmission” 
effect. 
culated value is too small to explain the previous 


Since; however, Goertzel and Cox’s cal- 


experimental results, a more precise calculation 
The effect of the multiple 


scattering is also investigated. 


has been carried out. 


’ 
- §2. The Polarization. of Electrons. 
| Before discussing the multiple scattering it 
will be most convenient for later purposes. to 
_ recapitulate some of the theory*on the polariza- 
{ tion. We consider an electron incident along 
‘ ‘the z-axis and scattered elastically in the direc- 
tion 9,4 by some field of force. If we put the 
i ‘components of the amplitudes of the Dirac plane 
y waves A and B, we have . 


i B hid 
ae ed COU ers (1) 


es [Al?+|Bl? = 1, (2) 


__ where %, w indicate the direction of the spin 
E- axis and Eq. (2) gives the normalizing’ condition. 
The amplitudes after the scattering are given 
by Mott, as follows 


; Us = Af —Bge-*| 
" uw = Bf— Ages’ 


~~ 


(3) 


_ where fand g depend only on @. The differential 
cross section ¢ is then 


G9 =I Fi +lgl*—(/o" fa) A Bee! — A*Be—) 
= O(1- dp), (4) 


_ where 


9, = |fI?+ gl’, o = (f9*—f*g)/®,, 
p = AB*e'*— A*Be-‘4 = i sinzsin(w—¢). (5) 


Now we see the largest azimuthal asymmetry 
of scattered intensity i is given by electrons whose 


iad ao a moment is in the direction LiFe 


The failure of the previous authors to - 


foils so as to conform to the Mott’s conditions 
. But even if we use the thinnest possible foil 


w= ane 4+¢ when @ is fixed, that is, electrons — 
whose spin axis is normal to the scattering 
plane give the maximum asymmetry that ip is 
caused by polarization. It can be easily shown 
proportional to the difference between the num- 
bers of electrons in two directions normal to the 
scattering plane and it is proportional to azimuth- 
al asymmetry. 

To find out the experimental asymmetry, as. 
shown by Mott), itis necessary to polarize the 
beam initially. Consider the non polarized beam. 
— beam containing electrons which have the spin 
parallel to the z-axis and electrons antiparallel 
— which fell on the polarizer P as shown in Fig. 
1, and scattered in the direction of PA. Using 


the above equations and Darwin’s) spinor trans- 


formation, » about the axis PA becomes 


ok 
i. Pee ae cos¢ = d,cos¢. 


When these electrons are scattered by ana- 
lyser. A, the intensity after the second scatter— 


¥ 


irigs is 


ARO A i ni nA AEE A Rr EI oe al i el D la hats Le Nii hte Sp 


¥ = 0,,0,.(1—0,0,cos¢), (6) 


where the indices show the scattering at the "J 
polarizer and the analyser, respectively. 6, and’ 
6,-are pure imaginary quantities, so that ADy _ 
in Fig. 1 is the direction of the maximum int-_ 
ensity and the AD, the minimum. 


DR 


Fig. 1. 


$3. Multiple Scattering 


In the experiment ‘on the polarization. by 
double scattering, it is necessary to use thin. 


hdl 


“nate. 


The probability of scatteaing at an angle given 
by 6 and ¢, during the passage of electrons in 
the material of thickness da ¢ is N@sin odbdedc 
Where Ni is the number of scatterers per be 
volume. The change of p after traversing the 
thickness dx in the foil will be, therefore, 


dp = — zNpds|"|g\*sinods. 
; j 0 


as our, povlens is to determine the change Cie Tarn can this write 


Dp defined by Eq. (5) pees two nee abel’ <5 as uate Vad 


re - defiections. 
S - Consider an Peldatron whose amplitudes are ome 
es and. B at any. point along the path PA in a eo . 


- Fig. ay “After a. small angle deflection erren by. 


@ on é, p phanges to 
in Sroasing the foil. 


ae =p WFP +) eae ike . eels Table. I. 


10.5 46.5 79.0 Bs 


The change of p per collision iS, thereLones: = = dake. 


/ 


as ‘ rx10-* | 2.58 0.59 0.49 
4p =— hela? +2), cg tO). Deter ea? | OF Sao haces 


- 


where R and R’ are functions depending on ¢ 
ae cansel out in the later calculation. iy get 


“Massey and Mohr) using a screened fi 

~ gold atoms. Results. are shown in Ta 
decreases to le when the beam traver 
ance d. It is clear that if we use af 
than 10-4em, the multiple scattering e 
appreciable effects on the experiment. 
§ 4. Reflection-Transmission. Eff 
Chase and Cox@” have observed, in: 
experimentally, the scatteri ing of electro 


ing at 90° was eodior toward ‘bel Be 
which the electrons were incident: than : 


the other side. Later, Goerzel and Cox¢ PD 


deflections in the same foil. A similar but m 


precise caleulation is carried out. The electro 
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direction of OS in Fig. 2 which lies in the plane 


of the foil. The incident electrons are assumed 
to strike the foil along AO. The probability that 


electrons are scattered into the solid angle déd¢ is 


Fig. 2. 


¥ 
% 


Be I= V2 Nh®(0’) cos ¢déd¢, 


_ where N is the number of scattering atoms per 
“ae volume, h.the thickness of the foil, 6’ the 
‘ deflected angle, and 9(0’) is the cross section of 
on scattering. These electrons will lose some 
Bice, in passing through the foil and the amount 


3 of loss poie. given approximately by the equation 


v= v,*(1—nac), 


of electrons. ‘sash is no peuple nor theoret- 


a Pen Ti: 1am) 


vhere ais given by h= Gy 8ine> av: Since the 
Y Result of the calculation does not depend critical- 
ly on a, this assumption is expected to give suf- 


“Bees, a second deflection at some point on OS 
“which brings it into the direction CD,. The 
_ Probability of the electrons scattering into the 
*y ; 


ete 


formula for scattering and integrating it over 


‘Let us, then, assume thst the electron under- 


wot 5 


detector at D, is NIx0(6’)da@. Using the Mott’s® 


all directions in the foil and dw, we get as the 


total intensity scattered into D;; j 
x/2 
Pra4V 2nnr: (258 ‘) ais asl do a 
“drs!Am an” cos 8 ; 
i) m= 


Oe ag 

aan sin’ 5 
OF o/ 

hehe WD Tog 5) cos” 5 Q, 


where A, is given by 


(l—ax) (1—#?¥1—nax)  1—# 
B(_—nax) . cies a 


BAname 


ey In carrying out the integra- 
tion by 0, it should be Sa into accunt that 
for @ smaller than @, = —.—, the limit of integra- 
tion should be from zero to 1/a and for @ larger 
than 4,, the limit should be from zero to h/2siné. 


6’ and ¢ are connected by cos 6’ = 1 2 cos ¢. Then 


| 
. 
: 
7 


we get 
! > 
Pp = 2 2 NAHR?( ce ae 
anh” 
+14 oe (pam See 


Ip = 996 —3546?+680z8Za . ; 
+112(z8Z«)?—1127P3Za + 368%. 


Pp, the intensity on the transmitted side, is 
obtained similarly if we replace Iz with I given 
by { 
Ty = 106-1066" + 5878 Za-+7(n8Z2)*—S4n6* Za +186", 
Dividing Pp: and Pp, by the single scattering ™ 
intensity, respectively, we get the ratios r and — 
t, for the reflection side and the tronsmission i, q 
side, respectively. The reflection-transmission — 
asymmetry can, then, be obtained by ‘y e: 


es aE 0) 


On neglecting the energy loss in the foil we _ 
get only the first term in the bracket in Kq. (9). “ 
This coresponds to the case with high speed — 
electrons and a sufficiently thin foils. 

Table II shows the comparison of the ‘ealeu-. +4 
lated sen AG Re Hick. eee with fe ex- ud 


x 


VON 


Repeats ———Foertzel f 
ener sy hye 
“(k fats . hve yu and Cox }~: Reference 


4.1x10-7 a 31°)" "1.09: | Shull’ et. al: 

pga CL ol iw BoA Fe ha ae Be peak eins 

PER Pee vebO Ne <1 * | LOL | Chase and Cox’ 
Os 208 el fr B Maen ialte nae . 1.03 Chase and Cox 

LL f 40 | Alen 1.07 | Shull et. al 


sume that the small angle ie 
along the path may depolarize the 


this case we get 


ail 2 (ayia 
Asymms 14 8) 
oe ek: (a) 


of inelastic scattering above 45° is much 
2 


r than that of the elastic ers, 


Hes Baie em | 


detect the asymmetay by double se: 
use the foil 5x10-° em thick and tl 
side of the polarizer and the analyser 
though we use foils thinner than 5» 
is necessary to use accelerating volt: 
than 100 kev.. On the other hand chi 
er or the ‘anrlyser foil or in pate can mission side and foils of 5x10-* em thi 
ulated. The experimental asymmetry to’ _ used, no disturbing effect from plural sc: 


: “ae 
is caused ty the beam composed of is expected. 


$5. Discussion. 
foils. ‘This is given by 


ZA aes k Nee se) ight ence there is no pero ‘ited 
‘ltr u 


a 
Asymm.= =14-— 2 = [da agi ae 
a * Note added in ety Receritly we read t] a] 
publiched by Mehr, Proc. Roy. Soc., A 182 (1943) 189. 


his precise cale ulation i ae the poet S effec 
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ple scatterling when the thiceness of the gold foil 
is of the order of or less than 10-‘cm. Much 


more disturbing is the plural scatterings which 


gives rise to the reflection-transmission effect. 


Kikuchi@® have obtained experimental results 
which agrees with the theory of Mott, using the 


foil of about 10-° cm asthe polarizer. But from 


what has been discussed above, his use of the 


thick target makes his results open to question. 

As we have seen above, the theoretical values 
of the refiection-transmission effect coincide with 
experimental results. The plural scattering com- 
posed of two large angle scatterings in the same 
foil cannot, therefore, be neglected in the double 
scattering experiment. In his experiment, Dymond 
obtained a very small asymmetry compared with 
the theory, using foils of 9x10-*cem. It is, now, 
possible to understand the cause of the small 
asymmetry as he used the reflection side in his 


arrangement and 7 was nearly 2. In Dymond’s 


_ later experiment, using a foil thinner than 5x 10-§ 


‘em, one would expected a larger asymmetry. The 
results, however, showed no asymmetry. In this 


case, the failure to observe the expected asymme- 


_ try must be attributed to other causes. A very 
_ small change in high voltage during the measure- 


ment may constitute sucha cause. The error ‘in the 


measured intensity of doubly scattered electrons 


is some eight times the error in measuring high 


voltage and moreover the asymmetry predicted by 


_ the theory is small. Therefore, if we derived the 
_ results using values observed at different times, 


— 


_ the very small fluctuation in high voltage makes it 


impossible to detect the asymmetry. The fact that 
his measurement shows an appreciable fluctuation 
seems to show the correctness of this interpreta- 


_ tion. The negative results in Thomson’s and also 


in Richter’s experiment can be understood in a 
similar manner. 


Using the transmission side, Shull, Chase, and 


‘ 3 . 
Myers®, Trounson and Simpson“, and also 


Norio Ryv. 


(Vol. 5, 


Shinohara and Ryu® have obtained the experi- 
mental asymmetry nearly coinciding with the 
theory. Recently, Broer¢® pointed out that there 
is a small discrepancy between the results from 
Shull et. al. and the theories concerning the 
refiection-transmission effect, but it seems im- 
pessible to get precise numerical coincideces 
ginee the theories are constructed on a: rough 
approximation and moreover their experimental 
results are derived by a complicated procedure. 

I wish to express my sincere thanks to Pro- 
fessor M. Nogami for his kind interest in this 
problem and also to Professor K. Shinohara for 


his kind discussions. 
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Revision of the Hyperfine Structure of the Mercury Spectrum. ‘ 
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The hyperfine structure of 25790, 25789.7, 25769 and 24047 of the spectrum of . 
Hg I was studied, and the structure of some terms was determined. The ratio of 
_ the hyperfine structure constant. of Hg! to that of Hg! was calculated for the 
terms 6p 'P;, 6p *P, and 7s *S,, and it was found that the ratio is anomalous for 
The quadrupole moment of Hg*"! was calculated to be 0.3,-10-74 em. 
Regularity in the displacement of even isotopes in lines of the mercury spectrum 
was found to exist in such a way that the ratio of the spacings Hg**— Hgts Bhs 
Hg" is constant for all lines examined and is equal to 110.938 : 
0.880. The same qualitative regularity was found in the isotopic displacement. in 
lines of heavy elements consisting of at least three even isotopes: 


the term 6p !P,.- 


Hg?2— Hg? ; Hg?00— 


‘Introduction. 


_ The object of the present paper is to describe 


7: the results of experiment which was undertaken 


in order to study whether the ratio of the hyper- 
fine structure constant of Hg’ to that of Hg?! is 
; constant for all terms of Hg I. For this purpose 
the terms 7 °S,, 6 
; and the hyperfine structure of the yellow lines of 


1p, and 6 *P, were selected, 


- He I was studied, first of all, with a special care, 
and the structure of the term 6 1P, was dere 
a mined. The structure of the term 7 *S; was 
_ determined from 24047 and 15461. 

Be. The hyperfine structure of the yellow lines 


a has already been published in numerous papers, 
3 of which the most complete seems to be that of 
_ Gérlich and Lau,“ but the accuracy of their 
‘i measurement is a little insufficient for the above 


mentioned purpose, in spite of the excellent 
a resolving power of their spectroscopic apparatus. 
q The work of one of the present authors was in 
"progress at that time, but continuation of the 
4 work was_hindered by subsequent events, and 

the investigation was resumed in 1945. Some of 

the results were reported, in an abstracted form, 


at another place.© @ 


§ 2.0 
7 __A Geissler tube which contained mercury and 
ple gas and was excited by a high voltage direct 


Experimental Arrangement. 


Abstract. 


‘to Hg’ (I= 1/2) is represented by an arrow, oa 


(thickness = 4mm and 7mm) and a Fabry-Pér 
etalon were used. The Lummer plate was cro 
with another one or with a Fabry-Pérot etal 


Si. 


Experimental Results. 


was sometimes disturbed by the presence of tie 
line 4 5789.7 which lies very near to 45790. ‘The 
hyperfine structure of the line 25789.7 had there- 


fore to be fixed and was measured with the etalor 
with 1mm, 2.4mm and 6.5mm spacers, and the 


result was taken into consideration in measuring ) 
the structure of 25790. The measured fine struc- i: 
ture of 25789.7 is shown in Fig. 1, in which the 
transition scheme is also given. Numbers in 


parenthesis were calculated. 


while the component due to the even’ isotope as 
All the — 
other components belong to the isotope Hg?! 
(I= 8/2). 


(= 0) is represented by a thick line. 


The accuracy of measurement of the E 


work, () | and is in general agreement es the 


observed one. i { 

The atraebire of 2 5790 ig shown in Fig. 2 ; 
The interference pattern of this line taken with 
a 3.2mm etalon is reproduced in Fig. 7, by which 


spacer every fine structure component of 45790 q 
_was resolved without overlapping of orders. The q 
splittings of 6 ‘P, (Hg*!) namely Fe— F3 and 


F3—F}i were determined from the distance d—e 


and g—h respectively. The component d is so. 


weak that the accuracy of measurement of FE 
2 is +0.002cm-, although | it is Terese : 
measured on numerous plates. . 

The splitting of 6p 'P; of Hg” was pene! t 
by measuring directly the distance between 
components x and #. But about 2/5 of the plates 
gave «—8=0.182;+0.001 em-', while the remaining 


MUS Hyaeine structure ot . 3/5 gave «—8=0.175,+0.0006 em, and no inter-_ q 
ig I 45789.7 (6 1P;—6 *D)).. _ mediate values were obtained. At first it was. 


ne decided to select one of these values by measu 
even cs re ore the fine structure of 44916 (6 1Pi=8 1S,)- 
following structure was obtained for 249 6: 


| H gever 


d if ae dd 2 (5.79) a(6.626) (69.826) Bec) | (496) 470) Sa ane} o(2.2 
; ; —0.125/ 0.085, 0 | a 


ey on 
di} 97. 3 aT 
0.206 city iS a sieges 
085 (028) 3189363) ont | 


RIN NGAI NIN 


AX Fig: 2. Hybond structure of ws 
fee or 45790 (6 'Pi—6 'D,). 


‘ s 


>| 
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44916 should give approximately the required 
splitting of 6p 1P; (Hg'®), and this 0.180cm-! ig 
in favour of the above mentioned 0.182 em-}. 

Fig. 3 gives the fine structure of 25769. The 
accuracy of measurement of this line is not so 
good as 25790, but it serves to prove that the 
splittings of 6 '1P, (Hg!) that were deduced from 
45790 are qualitatively correct. The components 
ec and a were not satisfactorily resolved, but they 
appear as a patch diffuse to the red side. 

The splitting of 6 1P, (Hg™) can be obtained 
by measuring directly the distance 6—y. This 
gave the value 0.175em-1, which is, contrary to 
44916, in favour of 0.174em-!. The cause of this 
discrepancy is not clear to us, but in view of the 
circumstance that the component P of 44919 is 
possibly disturbed by the unresolved component 
b, more weight was given to 45769, and the value 
0.175cm—! was finally adopted. It is conceivable 
that on the plates which gave a—f8 = 0.182em~—! 
for 25790 a weak line not corresponding to the 
transition 6 'P,;—6 1D, appeared very close to the 
violet side of the component & and made the 
mutual distance «—f apparently larger. 

Another proof, although less confirmatory, 
was obtained from 45789.7. From the measure- 
ment of 45789.7, the splitting of 6 °D, (Hg') was 
deduced to be 0.380 cm! or 0.3873 em-! by adopting 


the value 0.175cm~—! or 0.182em—! respectively as 
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Fig. 4. Hyperfine structure of 
Hg I 24047 (6 °P,—7 *Si). 
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Fig. 5. Hyperfine structure of 
the term Hg I 6 %P,. 


the splitting of 6 'P, (Hg!*), whereas the splitting 
of 6°D, was deduced to be 0.881 em-1 from 43663 
(6 °P,—6 °D,), which is again in favour of 0.175, 
a 

Accordingly the value of A! for the term 
6p 1P; which was given as —121.5 in reference 2 
should be changed to —116.9. 

The fine structure of 44047 is shown in Fig. 4. 
The structure of the term 7 °S; given here which 
was also confirmed by 45461 (6°P,—7°S;) is in 
agreement with the one given by previous wor- 
kers® within experimental error. 

The structure of the term 6p °P, was deter- 
mined (see Fig. 5) from 45461 (6p °P,—T7s °S) and 
43654 (6p °P,—6d *D,). The splitting F¥—F3 of 
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Fig. 6. Hyperfine structure of 
Hg I 46128 (7 °S,—d? s? p 1D). 
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Fig. 7. Interference pattern of some lines of Hg I. 


Hg"? and F4—F'3 of Hg"? were determined from 
43654 only. 

Finally. the fine structure of the line 46123 
is given in Fig. 6, which is, it is hoped, more 
accurate than the one given in a previous report. 
In Fig. 7, the interference pattern of 46123 taken 
with a 4mm etalon is reproduced, by which the 
resolution of the component f was just attained 
without overlapping of orders. By the use of a 
thicker spacer this was resolved more clearly, 
but overlapping of orders occurred. Most of the 
components due to Hg"! are situated at positions 
so unfavourable to measurement that exact 


splittings of the upper term in Hg?! were not 


obtained. The displacement effect of the even 


isotopes will be discussed in 26. 


§ 4. Ratio of the Hyperfine Structure 
Constants of the Two Odd Isotopes. 


Table 1 summarises the hyperfine structure 
constants of the three terms that could be 
determined with reasonable accuracy in the 
present work. 

All the constants were calculated according to 
the expression 


B=E,+-4-C+BC(C +), 
C=F(F+1)—-10+1)-JV+1). 


Hyperfine Structure of Hg Spectrum. } “ie ABS 


‘Table 1. Hyperfine structure of and ¢ and c, are coupling constants’ of the term 
tee Fee y 6p 'P, and ¢@ is the doublet separation of the oe 
La ia ) p-electron. Parting B=) 0.95 wea = Oe 29, Wie 


‘Term | 419 | 4201 | peo Als] A201 S= 1.55, = 5624, c= 0.907, ¢,= —0.421 in the 
75S, | 7181 |—265.,| 0.0, | —2.70474-0:0006  2bove formula, we obtain pa 
6°P, | 303,|—111.,) 0.26 | —2.718 +0.004 Qt = 0.2-10-% em? (from 68 6psy Pi), | 
PGP; | —116., AP 6 0.78 7 2-7166-50,01 which is not in good agreement with the value 
. aT obtained from the term 6p °P; or 6p *P2 (reference ie a 
dn the last column the ratio A™/A%™ is given for 5). The denominator'in the formula for deducing — 


the three terms. The ratio for the terms 1s 381 
_and 6p *P, do not differ. much, but the ratio for 
the term 6p 'P; is anomalous. It may be noted calculating Q. “The final vale. of Qe seems, 

that this term is enough far away from other 


the value of Q from the term 6p °P, has a small 


value, and this seems to cause uncertainty ine 


therefore, to be : 

terms of the same parity to make it very un- Ql = 0.8, - 10-2tem? , 
reasonable to ascribe the pngniery to a perturba- taking the mean value of @ deduced from the 
tion. 


: terms 6ps/2 TP, and 6poj2 *P3 . 
With respect to the ratio of the hyperfine " Se 
structure constants of two odd isotopes belonging $6. Displacement Effect or the Even e ‘: 
to an element, discrepancy between spectroscopic Tsotonks: \ ie « 
It is well known that the components due to: Va k 
‘noted in other elements. ® The discrepancy has the even isotopes show displacement effect. in the | i 
been discussed by Bohr ‘and Weisskopf® in a, hyperfine structure of numerous lines of mercury. : 
recent theoretical paper, ‘but they predict the ~ |The measured consecutive distances@ between 
amount of the Meet epancy only in the case of s components due to even, isotopes in each line and 


and pi/2 terms. their ratio are’ summarized in ‘Table 2. 
ae The terms that have been studied here belong 


and nuclear induction experiment values has been | 


Table oe Displacement effect of even isotopes 


; 3 2°P, 
| to the configurations 6s 7s 3S; , 6s 6p3/2 "Po, and in lines of the me rou spectrum 


“6s 6pap ip,. Aceording to our opinion, the value 


i of B also must be taken into consideration -in Line . Hg He: Het" Has. Het 


| order to explain the cere mentioned SiecreDeney | A 6123 2105 ii OOO eerie 0.185 em-! a 
Wg ' | a dE 0.995." 0) BBo, 
“$5. Quadru eames ae He”. a ——— 
e 8 Q £ e 46072 0.122 Oak > 0.108.cem=>! 
In 1932 one of the authors determined the mat ae : 0.992 1p Sean we 
‘splittings of the term 6p °P, of Hg! which $a | 
Pea of i A 4359 0.031 > 0.030, 30. 027 em-? 
‘deviated from the Landé interval rule to a large ae ae a: 
extent. Schiiler and Schmidt interpreted this as : vith uae den 
“due to the quadrupole moment of Hg?! which 44078 O.08L 9 t O08E s+) O02 Temes 
they calculated to be 0.5-10- -4em?. They also . ite 5 SN ENS I acy 0.87 4 
deduced the same value from the term 6p *P1- 44047 0.081 =: 0.080,  : 0.027 em~} 
| From the value of the constant B of 6p 'Pi t =a Se ual Se: : 0.87 
ie) given in Table 1, the value of @ can be 13984 0.513, : 0.510, : 0.447 tare 
calculated according ‘to the formula which is’ s* due a - 0,995 = 0.87 
to pay st Weighted) 1 » 9.998  : 0.880 he 
| BZ* HI(21—1)- 14.79 | Bains ae mean aS a 


em? 5 ave 


ae O(R!-c? —2. 88: S-¢4 C2) ty 

in which B is measured i in unit of 10-*cm-', and ee ratio can be regarded as constant for : ¥ 

Et. R’ ay S are relativity, correction factors all lines of mercury within experimental error... 
$i 0s ‘ 


| 
} 
1 
} 


a omilan ity’ was algo found in the spectra 


‘of Pb I, Pb I] and Pb III, about which the details ae 


u be published in a separate paper. 
4 Further example of this kind can be found 
the spectrum of W I, which was measured by 


uchi, Hasunuma and Kawada.@” Also the hyper- 


+097 ~<— i 


"200 202. 20% 


A= 198 


40,880 +0.993 >~— i= 
A= 204 206 208 


= O93 -— T— 


Ms a a 
even isotopes. 


Fy 


‘It is seén that the ratio 
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pat fi proof of the theorem without these restri 
assumptions. In contrast with the method 


es of Hf sbi all t. - This is the. assertion of 


seas tranformations are de by 
operators, for they are real or virtual me 


ne by: Ges eG etter eiags : change. 


i ) the spectrum of H, consists of purely Accordingly, 
~ discrete eigenvalues ; BANS el Weak parts. First we have to find the unitary « 
ii) these eigenvalues _ are non-degenerate: _ representing AT, and then we a ae 
- except for accidental degeneracy genwed 
by crossing. ak ipuetrat:  S 
ie argument cannot be extended to. more the first part was quite trivial in the case 


ere case without radical inoue ae for they where i), ii) are assumed, for AT should t 
form every eigenfunction of H, into the 


determined up to a phase factor for each ei 
fanetion. For so reason, only a men? 


‘of AT ‘oninttiaitia the main part of the reac 

Our proof given below is rather formal and _ 
not faultless from the mathematical point of — 
view. Of ceeds it is possible to retain ‘mat : 
matical rigour by detailed argument based o 
clearly defined assumptions, but it would take t us 


“too far into unnecessary ‘complication aa obseure Vals) is a’ 
1e essentials of the problem. NRO OV erin, . satisfies - = = d/ds) # 


Ville) = ir Hes) Vals), a) V0) = = 


tid 
ok ee a 
eas 2 


“ Denamical Transformation. ! 
Vi+"(s) = ie Vor(e) Hie), Ve") = eS 1 


remains finite. For this purpose, it is con-. 


re.) 


Fale) = exp fief Hed} Vale), a e 


to introduce the new variable s byt=ts, | we have by (ree ore H a sy ss 
according to BF, and to rewrite (1) as v. oe i bar Clo —10) * 3 
Bene NE OE aoe 2 eet z: 

a pests a HHO). (2) ie sh Tain 7 
ds § 3. Adiabatic Tena ferpeation ae 


esis Hs) is. nitel that dH(s)/ds remains 


id ee consider the differential equation 
ni e when To. i what follows we shall for 


X"8) = iA() X(s)> 


ae be Penebed that our argument | iA(s) = L's), | K9)}=E'B—EB. 


without enatige also in the case of Hs) ! 
(12) is easily solved by successive appro. 


h aeistod m-dimensional eigenspace. We. 


~ the general kolution’ of 2) 3 is clea 
goats }s, U(s) X(0)- ete we have ikea: 


ssume hat Xs), Ky \S) are continuous functions 
Clas are. pispawriee 
Na eo -4AU, Utl = = tA, 


x 


ave adopted the projection E\(s) because 


ely determined, while the corresponding 


(U+UY = (— iU+A) U+ UHidd): a 


ons. are not, especially when m > 1: U+U= Ut ) 0) = we bs Also: ae 


oted that E(s) can ay be salnaleted: 


UB ay a) 
and “their continuity This is isa tiene differen 
H LORENA a its solution is uniquely deter by its 
value (0) ry +0)= =1. "Hence we ‘ mt 
(3) ' UU+ =1, for it is boar a solution 


4 2 


: cen ; eid 
Zone = S(e) EXs) = nee Re de eine fea bite nie apes 


TROL A 4 oe) 


R rae), S(s) is represented as(4) 


4 


“'s@=('G—Awam~@, (6) from left ana right ae notin jon 
of denotes integration except the point have: 


(8) 


ated above, We) = 1 W(0) or 


Worm ie Ts) = Ui) 0), 


Ae = - U(s) 0) U- 18). 


= 


further that 


: We) = - We) = : We) FXO), (23) 


4 wis) We) = 0), i) We = Hs). 


| Also we have 


ans “that the unitary operator 
r) ‘the eigenspace EQ) of H(0) isometri- 
y onto the eigenspace Es) of Hy). By (21) 


and (23) we have W(s) E(0) = 


in “the eigenspace , 20), and it wil be» 


nd relations (23). and (26) are essential 


t 


me ft E(s) 
fe a ie is ae ir seen that Ue) is also 


(24) © 


U(s) (0) so that. 


is a regular: (analytic) 


Us) : | 


us 


- spectrum for 0<s<1. 


order 1. 


between 0 and s Ao noting 


Vz*0) =1, WO) = EO), 


Ve+(s) W(s)-B0) = {Vet Wide. 


But we have by Rae and \(5) 
) 


wr Pe BE) W! = (H— 2) SW!, 


so that by (11) 
Vee! = Ve +(H~’) SW! = (ie)-1Ve 
Substituting this into (27) and integra ; 


part, we obtain 


Vit W— sate 


First let us. assume Mig the a8 
does not cross. other eigenvalues or i 
Then S(s) is finite 


seen from (6), and the right side of 28 is of | I 


Halle te 


~ order ae since Vet is unitary and he 


_ Maltiplying: from left by 
Spee We and noting ViVet =1, : 


Vals) E(0)— Wey = 0 Cer 


or, by (10) and (23) 


| 


[V<(s)—exp ii, A(s) pate B00) = : } 


It means that the’ bt ley opera! 
function of the eigenspace EO} tends’ t 
Wis) when tc except for a phase lee 
thus (29) contains all the assertions 
“patie theorem. eee try 
For let (0), ¢2++ 5 nh 0 
orthonormal system composed of eige 
of H(0) belonging to the eigenvalue 4(0). 
we have (0) ¢;(0) = ¢,(0), and 9;( (s) =U 


instance, 


— W(s) ¢(0) are eigenfunctions of A(s) belon 
the eigenvalue 4(s) because E\s)¢;(s) = 9;(s) 


Also ¢;(s) form an orthonormal system sine 


is unitary. If we operate (29) on Gina we 


Vals) ¢j0)—exp {i | 406) db}n,(@) = O(). 


5 | Ves) (0) is ‘the solution’ of dhe equation ory, ne 
motion with the initial state: 0). Hence (80) 


theorem in the general | case. — 


Of course po holds for every eigenvalue of 
! an ‘Again let ¢(0) be a wave function. Taking ~ 


» sealar product. of (30) with the function 


appropriate continuity with respect to ‘a 
0)-and noting that V-(s) is unitary, we 


before. On the other bend, the Lore. ies 3 


condition is not satisfied. . 5 


oe, As) dey (o4(s)s Vels) 0(0)) = O(F-". 


(31) 
formation. ees: 


a. 
aa 


© Be 
Hitherto we have eee ae one eigen- — 


‘The probability that the system is in 
co responding stationary state y;(s) after — 

's is |(@,(8), V-(s) ¥(0))|2. Therefore (31) 

i hat these probabilities are equal up to a_ 
ty O(r- tr. 


‘od is seen to contain all the assertions 


a ip oayaiven! Let 81, °++, 8-1 be 


at nich the crossing occurs. Then Aals). As is well known, ‘they are m 
tor S(s) in general becomes infinite at orthogonal : 


> a small number 6>0, we can apply 
sh of the intervals sz.-1+0<s<s,—06 


spectrum. If. we set yew 

: tien [Vew] o ys | + ah — Ie 3B.) = By), q 
E,(s) is therefore in general fot werd). 
orthogonal to all £,,(s), (n=1). 

If these E,(s) are appropriately “cont 
we can construct the corresponding AT 
Wr(s) defined in $8 (see fas ee, we 
(28), (24) 


On the other hand, if we apply (27) 


gt die 


Rapp o = 


W.,(8) : => E,(8) Wals) = Wl) B, ( 
Wr) ee = En) ; Wals) War) 
o(1) means a quantity which tends to zero | 
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j 


an , obstacle held stationary in the plane | 
f ‘of running fluid | was mee ery by, 


f 


Fig. 1. Schematio film. And, as oe in 


sketch of varicose Fig. 1, above the. meta 


ripples. plate standing ripple 


M: metal plate, 


F: film of fluid. 
ie radius rh is a little greater than of course, below it thers, 


et, aie insert the plate into the jet.. 


are observed as a matter 


BS) 
: pre we can see that for the disturbanee of the 


eas. terms in his case, so that the 


onometric functions, the following method 


. 


PL Seas Spas) am 
ae? tb 2 me OFS (1) 


ly disturbed surface is given by 


| rai 


4 o¢ on 7 OE 
LH. ary f 
1) we obtain 


See) Wass. ers 
sae Ca aaa 2 


‘RUB 


< gradually « as the distance teom the plate increases. 


and taking account of ihe effect 0 of the vari 
due to 4 surface tension T in p, we Bey 


IJ! (ikea) 


kw? 7 ean + Si om 


as follawa: 
¥% 


A 2 a. 


-~ 


n eo n “i 
oe fallea) 


follows. 


Fuy=k werent es 


. Then 


F (ky) 


gives the firet geek: to ke To r e 


: 


- gecond approximation, we put 


F'(k)4k = ere 
or BF a 


f varies s proportionally to. 
Eas exp [te—» Wi rae 


So that we must wotcek solutions oO 


(13) does not diverge, namely, for a 
use k. such as to take FP negati 
a>0, such as to make Py Positive, 


§3. Application’ to Varicose. : 


For varicose vibration we pat n 
Tey 


Kone Labi Saat “and similarly to. “the case 0 


roximation are Ky; » which i is Period Zero, 
a + The numerical values of k, were - 


: but are. not néeded for the present — Raplcignen, we cannot obtain the aisrernien in 
‘Since Bek is phen by the difference . region from the above ‘investigation. _ 


(= 0) makes F'(k) negative, and above 


disturbance we observe epenionc distortion. 


$5. ‘Experiment of: Sinuous: Vib -ati 
Be 


istu: 


_ bance “was caused by the Sslacttiede 


suggested Lord Rayleigh). Th this ‘cdael hi 


and a thin metal plate 
with its one edge ¢ 
placed very near the 
jet, formed the elec- 


[eeeeseali 


trodes, and potential 

‘difference of about 

two thousand volts 

was applied | between - 
them. 

By the electrical 

‘ attraction the distor- 


Hon, of jet appeskot 


can ee ri poles coripnt 


for all quantity of flow by the. ee 


‘gravitation. As the WeroaEy, of flow deere 
< Ee) 


Bn) os 


of flow invariable, we can find the eritica 
position on the jet. In this position the radius — 
_ of the jet was measured by a sliding telescope 


and then with the quantity of flow the critical 
velocity was calculated and the square of this 
velocity was compared with 7/ea as shown in 
Table 1. The fluid used was water and the 
surface tension was taken as 74c.g.s., as the 


temperature wass 11°C. 


_ Table -1. 

0 TUE SA PE a 
| Quantity | Radius of | Velocity | | 

of flow | jet, a fs flow, ei) We fen 

¢.c./sec. em | em. /see. | 

Bere. «| (0.180. Tp 28,8 562 |, 570 
Ms +} Spee EFA 
3 1.64 OTST 54 21.2 | “450° 471 
her | I 
a 
‘3 
‘e 
is 
: 
a 
ie 


SSil. Introduction. 

Almina is an excellent insulator at low 
- temperatures, but it becomes slightly conductive 
a beyond 1,000°C. .W. Hartmann® whose experi- 
- ments were catried out at 300~800°C has reported 
_ that alumina is an excess semi-conductor and its 
ae) activation energy for the conductivity is 0.25~ 
0,885 e.v. For the practical use in vacuum tube 
industry, however, the conductivity at higher 
pr temperatures should be the matter of concern 
and it is the present item to be studied. 


- §2. Experimental Procedure. 


s measured by the 
imbedded probe method. Fig. 1 shows three types 
_ of electrode arrangement used in the experiments. 
kh is a W-Mo alloy wire of the diameter 0.09 
 mm., on which alumina was coated as thick as 
- 0.3mm. diameter by the dip method® or bi the 


The conductivity was 
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‘supports the above-mentioned consideration. 


On the Electrical Conductivity of Alumina. 


By Tetsuya ArizuMI and Shoichiro. TANI. 
Kobe Kogyo Corp. Kobe. 
(Received May 22, 1950) 


electro-deposition.) The coated wire was fired 4 
_in hydrogen at 1,650~1700°C, to make alumina. ; 
- sintered to a rigid sheath (t). 


yo, UO NOE ee 


i (Wot. me 


ry a 


Thus the experimental snvastication! also. 
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Then W-Mo alloy — 
wire of 0.026mm. was wound around the sheath — 
t, on which a small amount of alamina was : 
sprayed (u). The assembly was fired in hydrogen 
again. The sample thus prepared is shown in : 


Fig. 1(a). oe 
Kh | 
y Faria R&Sh 
a ' oe 
ba aes ¢ any 4a 


ay 


Fig. 1. Experimental electrode | 
arrangernenase. . 


was chosen. of these fhe: ones. In every. cases 
ir g length of alumina was. about 30 mms. 


ssembly was sealed = exhausted. 


ee a ‘D. C. cents between : and i 


y contents 9 were used. Their x Seetaeal 


“Table 1 iS ay, eontents (6). 


0.68 0.08 «1.19 (1.35 0.32 
0.89 0.24 0.90 trace Dar 
(0.26 trace 0.18 0.08 0.25 


throu ph a mina | decreases s bapidly, when a D.C. 


ar. 


st. similar ‘time soncee is observed’ (bi). 
e polarity to. —50V, again, the curve 
‘Other: curves correspond to’ such 
The peak - value % is 


every, cases. 


one part of the 
the polarization of 


Hee “CuO MgO -CaO Na,O 


enced sensitively 


‘of the 


b. 7507 


a@.-50V. ina? 
L4BIOR) OF 


~ (4.310%) 


“(mind (min) ~ 


Fig. 2, Ionic Currents. 
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: A-K fost i 


Tog (ites) = 


similar as that. for. the polarization 


suggesting — . that 


current is due to 19 


ions or similar 
phenomena. | 
This part of 


current is influ-. 


by the hysteresis 
sample. 
When the potential 
of & vis changed 
eee . from 


4.50V for 15 sécs. 80 secs. and 5 mins. ’ the tit 


changes of current become like three curves: 
By and 3 in Fig. 3. respectively. 


to positive. Moreover the polarization curren 
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time of lighting the sample without any potential. 
Ifa potential of the same sign is applied inter- 
mittently, the longer. pausing time gives the 
smaller current, while the larger one in the case 
In Fig. 4 (a) & is 


, positive and in (b) negative and the curves (2) and 


of the opposite’ potential. 


4 (3) in both figures are those measured at 10 and 
20 mins. pausing time respectively. K differs in 
both sides, probably because of the geometrical 


_ ‘arrangement and other effects. 


uA 


-50V 
(1$16"«) 


tog. (i~bad 


wee Oe = 


wT 


SS NV gee 


2 3 4 Siminy 


log, 5 ees 


Fig. 4. Effect of Pausing. 


Such large hysteresis effect probably masks 


~ almost all other effects. Generally speaking, 


out. (1) The polarization current becomes larger 
a higher potentials, but K is: almost constant 
: within the experimental error, and (2) 4, does not 
_ increase so much but doo INCreases at high tem: 
peratures. 

. : These several results suggest that the polari- 
; _ ation current is caused by the ionic motion in 


re ~ alumina. Appling a potential, both positive and 


in 


_ resulting in a non-uniform distribution of ion 


% density in the alumina layer. 
y potential, thé density recovers by means -of the 
by 


__ thermal diffusion to an uniform distribution. But 


y 
, it takes rather long time for the recovering 


_ probably because of the difficulty in diffusion. 


+500 
(1.510%) 


q however, following tendencies should be pointed 


a _ negative ions move to two opposite electrodes,. 


Removing the - 


ai awe ed WEN jalatee 


§ 4. Effects of Heat Treatment and Im- — 
purities. ; : 
Lighting the sample ata high ienporaiiee 

say 1800°C, i, decreases gradually and Loo Gy, 

become larger. Fig. 5 (a).and (b) are time changes 4 

of the ionic current of alumina A fired at 1800°C 4 

for 1 hr. and about 80 hrs. respectively. As seen 4 

in. the figure, it takes much shorter time to reach 4 

a steady current in (b) than in (a). : 

state as (b) an interesting phenomena — 

happened.to be observed. Connecting 

k to —20V at first, the current decreases. 

slightly only for one min. as in (b). 

Changing to —40V after 10 mins’ pause, 


In such aig 


ci 


BtylD 


the current increases to a steady value 
Appling & to —60V after the 
second 10 mins. pause, the current 
curious : : 


as in (c). 
increases similarly. This 
phenomena may well. be also due to 
Passing through 
such process the ionic current becomes. 


the jonic motion. 


to disappear thoroughly at last. 
The ionic current is also sensitively. 
affected by the purity of alumina. ‘In — 
alumina A ico/i, is 0.05—0.1, while it is 

- 0.2—0.5 for alumina C at the initial 
stage and it takes several times longer at. 4 
1,800°C in.alumina A than in alumina C. that the . 
ionic current disappears. $ 


BA 


3 4 
(min 


Fig. 5. The transient pheno ha ate 


in the: case of alumina A is 


ei ° > the above conclusion. 


the ‘measurement of ionic current, 
ena which are thought to be preli- 


on the breakdown were pepe ences 


ange Pe estat py ‘a and at~ Taat. 


4 A 


3 7 5 6 7%(mn) 


\ 


“breakdown. ; 


Aare 


it does not proceed to a complete break- 
“enters: into a new decreasing curve 
2 has been no abnormality. - This” : 
ie current decreases again during 
‘These phenomena like’ the break- 


2 eens encountered ae high 


available for this purpose. 


small voltage in the laine inver: 


drop v; in the layer can be evaluated, the relation 


of 7 upon Uy—v3 is found to be expressed 


logi=r (v=0;)2 


‘ 


This formula is quite similar to. the ther: 
‘Schottky equation, . 
ma 


applied voltage. lts saiadacten’ on : 


ageing, while v/v becomes almost ‘inde 


on temperature when the ionic current di app 


(Ve YT 


Fig. 7 Schottky plots. 


ic? 


The applied vol ae 


Ae 


ae Table 2. The potential distribution ‘ 
~ 1,480°K 1,418°K ; 


4 Vy) Uy Vq/V1 6 wy Vy U2/% 


17.2 0.44 0.72 1.64 | 2.5 0.16 0.30 1.88 
| 19.6 0.48 0,79 1.65 | 4.4 0.29 0.53 1.83 
22.8 0.58 0,95 1,64 5.1 0.35. 0.63 1.80 ~ 
oe Ore aaa ac a A ti ca finally it Leashes to 2.8—2.9 e.v. saan thee 
32.0 0.76 1.26 1.66 | 9.0 0.44 0.82 1.86 i 


1.65 | ey 


no ionic current is pera et no- 


maz yes0* ae ake 2e 
~ ae 
ete - Fig. 9. te activation energy for bi 
out the unsteady part and non-linear ; 
stribution. However, the potential 


“OR oa . pate! (Se ° " 
n 1 and © 8: is aoa linear with” 


= ihiati the Ohmic law holds in the 
In, other words, . the conduction 


a 


§ 8. “Conelusion. | 


temperature is ‘composed of i 
conduetions. SORES kind 


poe 8. Electronic currents, Ans 


nergy. becomes nae av Almost ; + oes Ries 
rt of applied voltage between the heater . 2 References. 5 aman 
‘ and the cathode coe in na space of alumina to OH) 7 a Pole ae tea Hshee ae ie ° 
(2) T: Oshida: : 
(3) T. Oshida: ebenda, a Cady a Dee 
(4) H. Miyazawa: He has reached to the 
conclusion, (read at the metting of 
emission). | 


By ; Junkiehi Iron ao Tetsuo AKIOKA, sh 


een roomy 4 x SCRE 
‘(Physical Institute and ‘Rasonvoh Institute of adonetieat’ Science, Osaka University.) Ve) 
‘ ‘ = ie ye j , Ks Ps ans 


oh ine 
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KM Partnraupuste resonance absorption and resonance dispersion were Pe Pesce 
Or by Mo-permalloy at 3000 me/see. The results obtained are in good. agreement with 
aret Kittel’s theory, provided that relaxation constant is assumed to be proportional 
“to magnetic field strength. The g-factor i is determined from the extrapolated. value 
; of, resonance @ field Be zero width of the sample which is 2.11. ‘ / i 


Tentie go Ses : wedge e 
on ; 


cused, f is the gyromagnetic ratio ae 


and Br, is the magnetic i induetion at A 


8 ferromagnetic pppeiens, Except in the e 4 


Pat: the ‘experiments were performed ae 10000 Hee at resonance | ‘will be infinitely. i an 


r higher frequencies. We performed the ri absorption maximum will be also infinite 
1t about 3000 me/sece by Mo-permalloy pore in actual Spetiinens the ae 
: The “preliminary report was published _ . 
i peels Review. Here, we want to -aceount the effect of relaxation to di USS th 


nae with, ae theory of Kittel. ae Kt GL yl be complex susceptibility at 
According to ae thee of Kittel, 1) “the wave agents aler eae is equal to 


w,° a2 pt jok 
ney fie PY A eT Ree aS . 
Lp Kel 7 2s %q apne po +70a (# +1) ee 


where Oy = =T¥ BH, 2 is the jelnxation con: 


ietion at static field: Al. The resonance > condi- 


mn is given by o=o0,. As to the” relaxation 


ee oibd experimentally, that 2-must be 
102 tional to H and thus is Hexnrereed by AH 


| Heneafnee dS = 


ce 


ere magnetic specimen, . Ay, is the change 0 of 


et, 


sar ple ce sierenr used ‘assuming al, 


i 


“resonator. 


daha isa Inace pee quantity ue ede 


Ve 


en Vay) @ | a dS (4) 


a= eel ene OBA 


Al Ie 


ate for wI>0 and — for. ey, (8) 


and. yes 4n%,!", 
ang hom pl aad id are rial quantities. 
1 of previous experiments, only the 


ia microwave perme- 


a) was” measured | which Hae 


) the resonance ‘feld and ae etd sat 


magnetization is as small as possible. 

request, we used Mo-permalloy -as abs 
material, as it saturates at very low field 

10 oersted) and its saturation magnetizat on 


' 500/4c gauss which is much smaller. than: th 


of pure iron or permalloy. 


' 


§2 ? Bxperinentals Methods and 


pide 


‘in thé caunty “Papen Het we “used, in- 


es of the plunger, | 


resonator was realized. 


In the ee 


ts velated to Hy: ‘We measured the absorption and 
E SES 
als . Yen cameae curve, the latter Saiee is the 


field. The value of 1/Q, with copper . nine ae 
by a aiall amount with magnetic field strength 


ir = (Q,/Q0" oN ae ree Heyeee 1500 oersted. This effect was. further 


Dit = Ce QulQy 


“The difference 4(11Q9 5 is given by the foll 


relation ans (4): ae, 


‘ 


; Polis eae 
ire. er auren: range. "This in wen aie ce neil H} dS. Fiat jay 


tel work we used this value of n; and. cobiained 
$ where 6, means skin deni of copper plate 


0 means that of '-Mo-permalloy both for #=1. 


“ae contribution te Vie. Cha NR ae a 
The calculate ‘te from experimental 
using oe 12 es dSanust, be. calculated. ‘Ho 


as ‘we used rather meds pinngery 


caleulated eee : Therefore,’ we dete mn 
the: value of |. He dS so that experimenta 

2), Obey BR coincides with static -permeabilit i 

: high field. This procedure was adopted 


ed relation. Tt was s linear within. the i 
cussing all of the following pipernieniay 


ng of plunger eng The 1 resonance curve 5 


1ohe 


he eid of resonance curve at cy 
m value was about 1000. ew, ei 


es % 


(D, only by the measurement vt the 


t reso ona eee” ie 
atio oe: : me si ® Wurther work on paramagnetic absorption. Be oxygen, 


gas will be done in the future. 


The Mo-permalloy plate which was 0.05 em | 
was: used always after electrolytically 


ce ‘method at about few hundred papiehek ie 


as seme valetes to. lower field by ane: use of inner field and ‘ee ¢ induction. 


magnetization in wider sample te diff 
jeld | strength by nuclear resonance method! 


’ 


, 


Fesiaibhe cheoraiidi curve did not edu 
; that predicted en lapnett of Kittel. 


wah “Heist 

ie ae oe 
ras 29 : Se 
De a Uirie > ome Niche In Fig. 3, we pedarpate the ex 
Om St his 


- Gtreular plate. eat 
C2. 79am. seer 


. aie curve. ba pees Bab ay 


H~H max COarstes) 
Aleonniian curves. 


eral a 
eee 


aS hes 


ue of the samples. th this figuré,’ ‘to show ip 
difference of absorption curves clearly, the 
shale max Where “4p, mar is the vege ao: 
of #r, was adopted for the ordinate, and 
lue HBr where H is the applied field A 
th and Ei} is that corresponds to Up, mars 

Though the absorption curve 
4 ihe” ‘sieapli, of 2.9em hight and. 2mm width - 
x (th es means the length bys tre to apelin ii je 


“oprsted’ ‘and ‘the value ne g ‘ealeulated from i 
was 2. 1 a 0: 03. 


The _demagnetizinig field for very 


Be 


d oe by siting o= 0 ‘6 The value is) 


124 beveled: aud Vs the cabemtated! r sson 
inner field is to be 116 oersted, which coi nek 
with the experimental value obtained above 
or ube io oy & and for r Heusler alloy, the reason ~~ the experimental errors. = - ” 


an OF EDC: measurement. 


or eee 


fag 


“Fig. 5, 4. 


same experiment was performed with 
plate. In Fig. 5, the difference of relativ 


2 


nee y change for copper and. ort Me Pe phe lloy 


to this sujmats was plotted. ia this, fi ure, 5 
the theoretical curve was ealeulated by Q), @® a 
and (6) aseniping the same value of A obtain 
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are concerned, we draw the theoretical curve to 
“fit best with the experimental plots. Though 
the experimental results are not accurate enough, 
it may be concluded that the coincidence of the 
experiment and the theory is satisfactory. As 
mentioned in ?2, no discussion concerning the 
absolute value of “#,; can be made from the 


- present experiment. 


Beek 3, Noise of Cuprous-Oxide Rectifier 


By Shoji Kosima, Susumu OKAZAKI 
and Akira SHIMAUCHI 
| Tokyo Bunrika University 
(Received August 22, 1950) 


Since the structure of copper-cuprous-oxide 
rectifier is well understood, the study for its noise 
is physically interesting. However, this does not 
. generate large noises at high frequencies because 


_ of shunting by the capacity of barrier. Then 


small samples are favourable. The used samples 


‘have their area of 7.6~0.66 10-2em®. The measur- 


| amplifier of 600ke/s with band width of 10ke/s 
_ and a output meter connected a square-law 
E detector. The input circuit of the amplifier and 
4 its equivalent circuit are shown by Fig. 1. Where 


3 ’ Fig. 1. 


R, is the resonance impedance of the LC circuit 
and R,, C, and r are barrier resistance, barrier 
er eapacity and bulk resistance of the rectifier 
respectively. 


_ pared to R, in the range of our measurement. 


/ 


Short Notes 


where the first term corresponds to iscsi) noise © 


‘circuit and the second term 7 


ing instruments were a four-stage selected . 


£eeoeL he jp Hene of log? @ versus log 2 are oe 


The resistance r estimated from _ 
the forward current was negligibly small com- 


ind 
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When a current I flows in the rectifier by a 
d.c. bias voltage, the mean square noise current 
in a frequency range 4f is represented as fqllows: 


PAS = {(AkT} R)+e} 4f, 


* 
‘ea 


being R, the equivalent resistance of the input : 
2 is what we call j . 
excess’ noise. From the indication of output F 
metter that is proportional to R? # we can com- — 


pute ¢ 2 or the noise sed eet > defined by 
' 


t= ER/AKT, 


where RF is the eines resistance: of the. & 5 
rectifier. 


<f nen 


in Fig. 3. It indicates that the excess noise i 


Sppronentely Proponeeay hs to the cnr of 


current. | es 


At. the meaioreinett the capacity (84 had 
adjusted: to tune: when the bias was varied: 


SS 


On 


i 


“jo 


stained capacity. ig. give in- 1 Fig. a “For the. 


eS 


2 


rward directio on t the « correction factor (l4r/R,)? 
A This result, has the same character — 


; Volts age 
ee Fig. 4. 
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Oe = 5x 10°. “The concentration: of the ¢ ite er 


shales applies A for a ‘germanium = give 
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- Crystal Sree of. levdc 
of Lead-Barium ’ 
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. By Gen SHIRANE, Sadao Hosa NO 


poled Taathats eT Technolo, é Y> 
OR: edi Oe 


; orthorhombic ee aicunt but more papa 


gations® have shown that it may ree 


ah sate with a Sone sk disias 2) ; 


on geries,. we have performed an Xmy si 


rover ihe whole range of (Pb ~Ba)Ti0,. f We us 
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the ceramic specimens prepared by sintering at 
about 1200°C the mixtures of appropriate ratios 
of PbO, BaCO, and TiO,. 
permittivity as a function of the temperature 


We have measured the 


and determined the Curie points for varied 


compositions of this series (Fig. 1). 


600 
Bh $00 
if 
Pps 400 ’ 
Ee 
Bor. 300 
v 
ag 
200 
100 
0 : 
) 25 50 feet 100 
BaTi03 PeTO; 
Moe Percent of PL Ti03 
Fig. 1.. Curie point vs. composition curve. 


‘containing PbTiO; more than 50%, is porous and 
_ their Curie points are high, so that the dielectric 
a _ measurements are difficult, 

4 The Debye photographs of this series were 
‘sy ~ taken on powdered specimens mixed with starch, 
ie / using Cu Kz radiation. 

about 5em.: ' These photographs were well ex- 

i plained if we assume the tetragonal structure 
a having Hos Same atomic arrangement as that of 


v 


3.9 

3. 
‘ 85 Wer oT) 75°. - 100 
i - BaTi0, . PoTiO3 
% | mole, percent of P,T:03 
Bip , 
! Fig. 2. Lattice constants and cube root of 
Pe the unit cell volume as a sb al ke of 
hi. composition. 


Specimens - 


The camera radius is 


(1) G.H. Jonker and J. H. Van Santen: 


1.00 
ce) 
BaTiO; 


Too 


25 50 fT ; 
P,Ti oO; 


Mote Percent of PLpTO3 
Fig. 3. c/a vs composition curve. 


barium titanate, i.e. perovskite type. The 


eC rcre rie tig ay Le tae tak Teas ee ee te jeerlipenn te 


precise lattice constants and the axial ratios c/a 
were calculated mainly from (143) and (134) lines 
on photographs taken by back reflection method. ~ 
The results are shown in Figs. 2 and 3. 

In these figures we see that the volume of ; 
unit cell decreases and the tetragonality c/a 
increases gradually towards the PbTiO; side. — 
Lead titanate was found to possess a tetragonal b 
lattice with a = 3.891A, c=4.141A and c/a=1.064, 
the result being in good agreement with the | 
recent investigations. It is remarkable that 
c/a of this erystal is rather great; therefore it 4 
may be expected; that the values of spontaneous 4 
polarization and of coercive force are greatly 4 
different from those of BaTiO,. _ Unfortunately, 
however, at least at the present Stage, ceramic 
lead titanate obtained by’ us is too porous to 
perform these measurements. 

We are now investigating the thermal | 
properties of the ferroelectric transitions of this — 


series (Fig. 1), and the detailed results will be 
reported later. 


The authors express their sincere teas to b 
Mr. J. Hori for his suggestion to this problem : 
and also to Professor S. Miyake: and Professor 


Y. Takagi for their encouragements in’ the 
course of this research. 
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cctrie a resistivity a and Hall effect of Cu,0 


Se edie the eens is mies slowly 
hone temperature, ee ; ‘under the ke 


A p, ana. n show. 2 an eanbasaloas change 


. Oo sees range from 100° C to 150° °C, 


plien) fe: 


then is heated to the next temperature in 


The Ser anes is measured twice nt ee 


. Fig. 2, ‘This ratio esrresponds to. ‘he a 
velocity of the transition process. Fig. 7 


Fig. 2. Temperature dependency of i 


‘The secu of charge Carmien: By 
by 


is 1/one, 


that the irreversible increase of 0 is auc no’ 


to the decrease of x but to eee decrease 


impurities. If the scattering by these c 
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pocmi/sec. volts ) 


Fig. 8. Temperature dependency of 4. 


- are assumed to be additive, # is represented by 


1 gay Weng tt 


# ) Hr HI By’ 


where #;, #7, and #y represent contributions 

from lattice vibrations, ionized impurities, and 
i} neutral impurities respectively. By the experi- 
‘ mental results, the irreversible decreae of y is 
_ accompanined by the decrease of n, or the increase 
| of 47, so that (1/4z+1/4x) must be increased. 
. Nothing has been reported in regard to the exsis- 
tence of transition phenomena of quenched Cu,O 
' erystal lattice in the temperature range from 


oS 


‘ 


100°C to 150°C. It is doubtful, however, that the 
i increase of (1/4,+1/uy) is completely explained 
A by the change of #y only. The absolute values 
es and the temperature dependency of ware affected’ 


i considerably by the annealin3 temperature. 
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On Anomalous Phase Change of Am- 
monium Nitrate NH,NO.. 
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It has been known that the ammonium nitrate 


Phase 


(Vol. 5, 


point 160°C. The accompanying table summarizes 
them®,®, These phase changes are reversible fF 
on heating or cooling, although there exists more _ 
or less thermal hysteresis in each ‘transition. 
When the salt is cooled down from the highest 
phase I, however, an irrevrsible change which 
is rather peculiar in appearance occurs at about — 
50°C. The foregoing X-ray and microscopic studies ~ 
have concluded that this transition corresponds — 
to such a change’ from phase II to metastable x 
phase IV’ which is stable at ordinary temper- 
ature. 

The present authors have performed the di- — 
latometer and specific heat measurements of this — 
compound from low temperature up to nigher : 
One of the results of the dilato- 
meter measurements is reproduced in the figure.» 


temperatures. 


The ordinate shows the readings of the oil 
meniscus in the eapirally of the glass-in-oil dilato- 
meter. The ammonium nitrate showed the first _ 
contraction at 125°C,-when cooled from phase I, 
and transformed into phase II, which was kept 


Fig. 1. 


without any further change even at 84°C uittil g 
it expand suddently in volume at about 50°C, 3 
whereat phase II appeared and continued between : 
this temperature and 32°C, (A E- F--C+G-). F 
Then, a cycle (A+B+C+D-E>F 364) 


Tr. Temp°C « 


Crys. Sys. 


. indicate the fact that the appearance of the phase 


change at 50°C is closely related to the disap- 
pearance of that at. 84°C. The anomalous specific 


heat about 50°C is measured by means of a heat 


_ conduction calorimeter. The energy change is the 
% same order of that at 84°C, giving 160 cal./mol.deg. 


_From the above results, it has become clear 


ee that the irreversible transition at about 50°C is 


due neither to a change) as formerly described 


- nor to a kind of a large thermal hysteresis, but 
_ the one from phase II to phase III, presumably 


my 


as the result of the excitation of state which 


e takes place in the higher temperature phase I. 
The ionic radicals, both nitrate and ammonium, 


Wy 


a= Short Notes. © - Wis » 457 


is considered to be rotating and the erystal may 
become plastic above 125°C. 

X-ray studies on the phase change of this 
erystal from low temperature up to higher tem- 
peratures is now in progress. The detailed report 
of the investigation will be published in near 
future. 
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